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.4 part f i t s  V/STOL r e sea rch  program, NASA i n t ends  t c nduct f l i g h t  
i n v e s t i g a t i o a s o f  the s t a b i l i t y ,  c o n t r o l  and handling q u a l i t i e s  of h igh ly  
augmented V/STOL a i r c r a f t .  S p e c i f i c  p l ans  inc lude  the  f l i g h t  tests of a 
YAV-8B a i r c r a f t ,  Figures  1-1 and 1-2, modified t o  inc lude  an advanced 
av ion ic s  aad f l i g h t  c o n t r o l  system f o r  improved f l y i n g  q u a l i t i e s  and perform- 
ance. 
As an i n i t i a l  phase t o  this program, NASA w i l l  conduct f l i g h t  tests of 
t h e  YAV-8B v e h i c l e  i n  o rde r  t o  extract aerodynamic and propuls ion  cha rac t e r -  
i s t i c s ,  update e x i s t i n g  s imula t ion  models, Val :  date handling q u a l i t i e s  and 
des ign  criteria, and t o  improve V/STOL f l i g h t  test techniques.  This program 
w i l l  a l s o  inc lude  tests using a statix test s t a n d  l o c s t e d  a t  t h e  Dryden 
F l i g h t  Research Center, where f l i g h t  tests of t h e  YAV-8B w i l l  t ake  place.  
\ 
In orde r  t o  perform high q u a l i t y  parameter es t ima t ion  and a n a l y s i s  of 
the  YAV-8B c h a r a c t e r i s t i c s ,  i t  is necessary  t o  c o n s t r u c t  mathematical models 
of varying complexity and l i n e a r i t y  from e x i s t i n g  wind tunnel and f l i g h t  
tes t  data .  
The McDonnell A i r c r a f t  Company (MCAIR) r e c e n t l y  completed a V/STOL simu- 
l a t i o n  and modeling study under c o n t r a c t  t o  NASA Dryden. This s tudy  de f ined  
and documented d e t a i l e d  mathematical models of vary ing  complexity representa-  
t ive of t h e  YAV-8B a i r c r a f t .  These models w i l l  be  used by NASA i n  parameter 
e s t ima t ion  and in l i n e a r  a n a l y s i s  computer programs whi l e  i n v e s t i g a t i n g  
YAV-8B a i r c r a f t  handling q u a l i t i e s .  
model and a l i n e a r i z e d  t h r e e  degree of freedom l o n g i t u d i n a l  and lateral 
d i r e c t i o n a l  model were developed. 
Both a s i x  degree of f reedomnonl inear  
The nonl inear  model is based on t h e  mathematical model used on  t h e  MCAIR 
YAV-8B manned f l i g h t  s imulator .  This s imula to r  model has undergone p e r i o d i c  
updating based on the  results of approximately 360 YAV-8B f l i g h t s  and 8000 
hours of wind tunnel  t e s t i n g .  
cormnented tnat t h e  handling q u a l i t i e s  c h a r a c t e r i s t i c s  of t h e  s imula to r  are 
q u i t e  r e p r e s e n t a t i v e  of t h e  real a i r c r a f t .  
he re in  by comparing d a t a  from both  s ta t ic  and dynamic f l i g h t  test malreuvers 
to t h e  sane obtained usir.g t h e  nonlinear program. 
Qua l i f i ed  YAV-8B f l i g h t  t es t  p i l o t s  have 
These comments are v a l i d a t e d  
The l i n e a r f z e d  mathematical model uses s t a b i l i t y  d e r i v a t i v e s  and is 
formatted exac t ly  as t h e  models t r a d i t i o n a l l y  used i n  convent iona l  f l i g h t  
dynamic a n a l y s i s .  A i r c r a f t  c h a r a c t e r i s t i c s  were p red ic t ed  using t h i s  
l i n e a r i z e d  model and compared t o  both  t h e  f l i g h t  data nnd t h e  non l inea r  
p red ic t lons .  To document t h e  a i r c r a f t  c h a r a c t e r i s t i c s  throughout t h e  f l i g h t  
envelope tr'h cond i t ions  and s t a b i l i t y  d e r i v a t i v e s  are provided f o r  24 f l i g h t  
condi t ions.  
A FORTRAN batch  s imula t ion  of t h e n o n l i n e a r  model nas been produced. 
Documentation f o r  t h i s  s imulat ion c o n s i s t s  of a d e s c r i p t i o n  of t h e  sof tware  
including top l e v e l  f l o w  c h a r t s ,  program s t r u c t u r e ,  subrout ine i n t e r f a c e s ,  
modeling equat ions,  d a t a  format, a user's guide,  source l i s t i n g s  and p l o t s  




This r e p o r t  is divided i n t o  two volumes. Volume I con ta ins  t h e  descr ip-  
t i o n  of the a i r c r a f t ,  documentation of t h e n o n l i n e a r  and l i n e a r  mathematical 
models, s t a b i l i t y  d e r i v a t i v e s ,  t h e  comparisons of p red ic t ed  and actual f l i g h t  
test d a t a  which v a l i d a t e  t h e  nonl inear  model and a d i s c u s s i o n  of models 
appropr i a t e  for use i n  parameter e s t ima t ion  programs. Volume XI contains t h e  
source l i s t i n g s  for t h e n o n l i n e a r  program and plots of the aerodymmlc and 
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Volume I 
2 .  AIRCRAFT DESCRIPTION 
2.1 GENERAL ARRAiiGEXEXC 
'The. YAV-80 is a s i n g l e  seat t r anson ic  l i g h t  a t t a c k  V/STOL a i r c r a f t  
powered by a s i n g l e  YF402-RR-404 turbo-fan engine. The YAV-8B a i r c r a f t  is 
an advanced vers ion  of t h e  AV-8A a i r c r a f t  wi th  g r e a t l y  expandea and improved 
c a p a b i l i t i e s .  It retains the  characteristic appearance of t h e  AV-8A whi le  
incorpora t inp  an improved inlet design,  a l a r g e r  wing wi th  an advanced tech- 
nology airfoil, zero  deg ree  scarf of t h e  forward nozz les ,  and uudar-fuselage 
modif icat ions c a l l e d  L i f t  Improvement Devices (LIDS). 
arrangement drawing o f  the YAV-8B is shown in Figure  2.1-1. 
A three-view g e m r a l  
Conventional aerodynamic c o n t r o l s  are u t i l i z e d  i n  wingborne f l i g h t  and 
engine bleed a i r  r eac t ion  con t ro l s  are used i n  j e t b o r n e  f l i g h t ,  wi th  both 
systems opera t ive  during t r a n s i t i o n  modes. 
An all-movable t a i l p l z n e  and f r o n t  and rear p i t c h  r e a c t i o n  c o a t r o l  
system (RCS) valves ,  blowing damward, provide l o n g i t u d i n a l  cont ro l .  
con t ro l  is provided by outboard ailerons and LCS valves ,  blowing down o r  up 
and down f o r  l a r g e  lateral inputs. 
conventional rudder and a yaw RCS valve in t h e  aft  f u s e l a g e  tail cone, 
blowing sideways, left o r  r i g h t .  
Lateral 
Ditectioual con t ro l  is provided by a 
In  t h e  high l i f t  mode f o r  VTO and STO, t h e  a i l e r o n s  are drooped 15 
degrees and t h e  f l a p s  are interconnected wFth t h e  engine nozzle  con t ro l .  
Thio - ' l  IS d u m  l ong i tud ina l  a c c e l e r a t i o n  and good long i tud ina l  c c a t r o l  
mar 
Shoi 
the  ~;.:l 61.7 f l a p  s e t t i n g .  Conventional landings a r e  made wi th  t h t  25 
f l a p  pos i t ion .  
3 be obtained during gro*md runs and t r a n s i t i o n  t o  wingborne fh igh t .  
.ndingg and v e r t i c a l  landings can be made with e i z h e r  t he  mid 25 
8 manawering f l a p ,  which can be pos i t ioned  a t  any d e f l e c t i o n  from zero 
t o  25 , i.j provided fo r  increasea  maneuverabili ty throughout t h e  f l i g h t  
envelope. 
The LIDS cons i s t  of a r e t r a c t a b l e  fuse lage  fence loca ted  a t  t h e  forward 
end of the  gun pods and h;o f ixed  s t r a k e s  on t h e  g u n  pods. Larger s t r a k o s  
are provided f o r  attachment t o  t h e  fuse lage  when gun pods are not  c a r r i e d .  
The YAV-8B has provis ions  for e x t e r n a l  s t o r e  loadings  on six wing sta- 
t i o n s  and the  fuse lage  c e n t e r l i n e .  I n  add i t ion ,  guns i n  two poc' can b e  
a t tached  t o  the  fuselage.  Recent f l i g h t  t e s t i n g  of t h e  YAV-80 has been 
performed us ing  a removable Leading Edge. b o t  Extension (LEU). 
designed t o  inc rease  the  wingborne maneuverabi l i ty ,  has only  a small e f f e c t  
on t h e  V/STOL f l l k h r  c h a r a c t e r i a t i c s .  
exists on tha  a i r c r a f t  without t h e  LERX t h i s  r epor t  assumes che a i r c r a f t  t o  
be configured without the LERX i n  t h e  Basic conf igura t ion  of C 5 )  pylons and 
(3) gun pods. 
This  devrce, 





2.2 DIM?ZXSIONAL DATA 
Details of YAV-8B physical  c h a r a c t e r i s t i c s  are presented  in  t h i s  s ec t ion .  
2.2.0 WEIGHT AND FUEL CAPACITY 
Clperating Weight, Flight Test A i r c r a f t  - Lb 
Internal Fuel - Lb 
2.2.1 WING DIMMSIONAL DATA 
2 Area ( t h e o r e c t i c a l )  - Ft 
Span (projected)  - F t  
Aspect Rat io  
Taper  Ratio 
Chords (projected)  : 
Root ( t h e o r e t i c a l )  - I n  
T i p  ( t h e o r e t i c a l )  - Xn 
Mean Aerodynamic - In  
Thickress Ratio ( t i c )  (FIGURE 2.2-1) 
Root - x 
T i p  - X 
Incidence ( d t h  r e spec t  t o  FRL): 
Root (exposed t h e o r e t i c a l )  - Deg. 
T i p  - Deg. 
Sweepback (pro j ected)  : 
Leading Edge - Deg. 
















Dihedral - Deg. -1; 
T q i s t  (FIGURE 2.2-2) - Deg. -8 
Airfoil (FIGURES 2.2-3 and 2.2-4) 
2.2.2 HORIZONTAL TAIL DIFEXSIOEAL DATA 
Area (projected)  - Ft2 
Span (p ro jec t ed )  - F t  
Taper Ratio 
Xspec t Rat i o  
Modified 






ORIGINAL FASE 13 
OF POOR QuAL!TY 
Sweepbac k ( pro j ec ted)  : 
Leading Edge ( t h e o r e t i c a l )  - Deg. 
1/4 Chord L i n e  ( t h e o r e t i c a l )  - Deg. 
T r a i l i n g  Edge - Deg. 
Dihedral - Deg. 
Chords : 
Root ( c e n t e r l i n e  of a i r p l a n e )  - In .  
Tip ( t h e o r e t i c a l )  - In.  
Mean Aerodynamic chord - In. 
Pivot  Line Location: Z MA% 
( F . S .  559.05 and W.L. 22.35) 
Airfo il Sect  ion : 
Thickness Ratio ( t / c > :  
Root ( c e n t e r l i n e  of a i r p l a n e )  
T ip  ( t h e o r e t i c a l )  
Tail Length (from 25% wing ?IAC t o  25X t a i l  !UC) - In. 
Hor izonta l  T a i l  Volume Ratio 
Def l ec t ion  (with respect  t o  water l i n e  p l ane )  
( Includes - + 1.5' Autostab) 
?laximum Nose down - 3eg. 
Naximum Nose up - Deg. 
2.2.3 VERTIW TAXL DIMENSIONAL DATA 
2 Area ( t h e o r e t i c a l  above W.L. 126.50) - F t  
Aspect Ratio 
Taper Ratio 
Span (W.L. 126.50 to W.L. 194.00) - Ft 
Chord : 
Root (W.L. 126.50) - In .  
T i p  ( t h e o r e t i c a l )  (W.L. 194.00) - I n  
?lean Aerodynamic Chord (W.L. 153.76) - In 
A i r f o i l  Sect ion:  
Thickness Rat i o  ( t / c )  : 
M o t  (W.L. 126.50) 





























Sweep bac k : 
Leading Edge - ;leg. 
114 Chord - Dag. 
Trailing Edge - Deg. 
Tail Length (from 25% wing M 
V e r t i c a l  Tail V o l u m e  Ratio 
MAC) - In 
HDC A7910 
Volume I 
C to 25% t a i l  
187.99 
.058 
2 . 2 . 5  FLXP DATA 
2 Area ( p e r  s ide)  - F t  
Span (pet  side) - In 
Deflection: 
STO m d e  
Z J O ~  %de - Leg. 
aJ 3 50" - ~ e g .  
a s 25" - Deg. 
4 7 . 3 6  
4 0 . 3 7  
8 . i S  
2.2 .4 FUSELAGE DIMENSIONAL DATA 
Length (numimum) (paral le l  to wter line) - Ft 
Width (meximum) - Ft 
Depth (maximttm) - Ft 
Moxlmum Frontal Arm (fuselage alone) - Ft 
Haximum Frontal Area ( l n c l u d i q  i n l e t s )  - F t  
Thrust Axis (zero nozzle 4eflaction) (with 
2 
2 
respect t o  W.L.) - Deg. 
2.2.6 AXLEROP DATA 
2 A r e a  (per side) - F t  
Span (per side) - I n  
Deflection (including .+ 2"  Autostab) 
Undrooped - Deg. 
With 15" droop - Deg. 
of full deflect ion tbove 250 K I S )  
NOTE (Lateral stick travel restr ic ted  t o  75% 
2 . 2 . 7  RUDDER DATA 
2 Area - P t  
Span - In 
Hinge L i n e  Location - X W.L. Chord 
b o t  (W.L. 126.50) 




















Sweepback of Hinge L i n e  - Deg 12.73 




Front Fuselage Pitch Nozzle (thrusting upward) 
Posit ion - In  F.S. 137.48 
W.L. 70.36 
B .L. 0.00 
Thrust Incidence (with respect t >  8l.L.) - Deg 97.63 
(with respect t i  B.L.) - Deg 0.00 
Rear Fuselaae Pitch Nozzle ( . t h a t  irq upward) 
Position - In F.S. 
W .L. 
B.L. 
Thrust Incidence (with respect t o  J.L.) - Deg 
(with respect to 3.L.) - Deg 
R e a r  Fuselage Yaw Nozzles (thrusting port and starboard) 
Position - Lc F . 3 .  
W.L. 
B.L. 
Thrust Incidence (with respect to B.L.) - Dei 











Wing !port and starboard) ro1.l nozzles 
( t h s t i n g  upwird) 
Position - h F.S. 432.45 
W.L. a3 .a9 
B.L. 177.84 
Thrust Incidence ( J i t h  respect to L..?,.) - Deg 83.00 
( v i t h  respect to B.L.) - Deg Outbd 5.00 
Wing (port and starboard) r o l l  nozzles 
(thrusting downware) 
Posit ion - I n  F . S .  
W.L. 
B.L. 
Thrust Incidence (with respect to W.L.) - p.*; 









Seaction Control System moments versus control surface def lect ion or 
s t i c k  posit ion 
0% of amtimum moment for stabi lator @ 2" 
100% of  maximum moment f o r  stabi lator Ca + 10" and -3" 
0% of maximum mments for  neutral la teral  s t i ck  
100% of maximum downblowing m o m e n t s  fo: 55% (2.31 in) o f  maximum 
lateral s t i c k  def lect ion 
OX of maximum upblowing moments for  neutral to  55% ( 2 . 3 1  in) of 
lOOX of maximum upblowing m o m e n t s  f o r  80% (3.365 in) lateral 
maximum lateral  s t i c k  de f l ec t  ion 
s t i c k  def lect ion 
OX maximum moments  for mdder @ 0" 
100% o f  maximum m o m e n t s  f or  rudder Ca +loo and -loo 
Fraction of semisoan. 7 
OP?lOI#.l 
FfQURE 2.2-1 




Fraction of semispan, 9 
am4u2-2 
FIGURE 2.2-2 






0 4  
i 
Note: Actual camber for sections with 7 B 21.3% 
differs from design values due to fuselage-wing fairing. 
Fraction of semispan, 9 
r) z 0.154 
1 




a3 m < -0.01 
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Fraction of streamwise chord 
GP214M2-3 
FIGURE 2.2-3 
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FIGURE 229 
Y A W 6  LEADING EDGE RAOIUS DlSTRlSUTlON 
Om- 
2 . 3  WEIGHT AND BALANCE DATA - Included wi th in  t h i s  s e c t i o n  are the  weight ,  
i n e r t i a ,  and c e n t e r  of g rav i ty  d a t a  f o r  tke YAV-eB f l i g h t  test  conf igu ra t ion  
OL c lean  a i r c r a f t  wi th  (2)  gun pods, (2 )  inboard pylons,  (2)  i n t e rmed ia t e  
pylons,  and c e n t e r l i n e  rack. 
for this conf igura t ion  are shown i n  Figure 2.3-1. 
of pylons and gun pods, t h e  zero fuel weight inc ludes  t h e  p i l o t ,  oil, t rapped 
f u e l ,  and oxygen. A c e n t e r  of g r a v i t y  envelope is presented i n  Figure 2.3-2. 
The moment of i n e r t i a  and C.G.  p o s i t i o n  d a t a  
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Takeoff gross we tgh t 
Water expended 
Wing fuel pertlally expended 
Combat weight (40% fuel expended) 
Wing fuel expended 
Fuselage fuel partially expended 
Fuselage fuel expended 
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FIGURE 23.2 
YAV.88 FLIGHT TEST AIRCRAFT 




2.4 FLIGHT CONTROL SYSTEM 
The YAV-88 f l i g h t  c o n t r o l  system c o n s i s t s  of convent ional  a i l e r o n s ,  
The s t i b i l a t o r  and a i l e r o n s  
rudder,  and s t a b i l a t o r ,  w i th  a r e a c t i o n  con t ro l  system (RCS) a c t i n g  about  
a l l  three axes during hover and t r a n s i t i o n .  
are power operated while  t h e  rudder is connected d i r e c t l y  t o  t h e  rudder 
pedals .  I n  view of t h e  ine f f ec t iveness  of aerodynamic c o n t r o l s  a t  low 
speeds? high p res su re  compressor bleed a i r  is fed  t o  t h e  a l r c r a f  t extremi- 
ties and e j ec t ed  through v a r i a b l e  s h u t t e r  va lves  connected t o  t h e  conven- 
t i o n a l  c o n t r o l s  t o  provide r e a c t i o n  c o n t r o l .  
A s i n g l e  channel l imi t ed  a u t h o r i t y  s t a b i l i t y  augmentation system (SAS) 
is  provided t o  f a c i l i t a t e  c o n t r o l  i n  hover and t r a n s i t i o n .  
s e l e c t e d  "on" whenever t h e  aircraft  is f l y i n g  below 250 KIM wi th  e i t h e r  
the  gear  o r  f l a p s  extended. 
It amy be  
2.4.1 
maintained by a combination of a s t a b i l a t o r  and r e a c t i o n  c o n t r o l  system as 
LONGITUDINAL CONTROL SYSTEM - Longitudinal  cot&rol of t h e  a i r c r a f t  is 
shown In Figure  2.4-1. 
l a t o r  as shown i n  Flgure  2.4-2. 
q-feel  u n i t ,  augmented by nonl inear  backup sp r ings  and a tabweight.  
bobweight con t r ibu te s  1.5 l b / g  a t  t h e  s t i c k ,  generaced by v e r t i c a l  g fo rces .  
The s t i c k  f o r c e  g rad ien t  and dynamic p res su re  r e l a t i o n s h i p  is shown in 
Figure 2.4-3. 
s t i c k  s t i f f n e s s  increas ing  i n  propor t fon  t o  dynamic pressure .  Longi tudinal  
trim is obtained by electrically b ia s ing  t h e  q- fee l  u n i t  which ensures  f u l l  
c o n t r o l  a u t h o r i t y .  
and opera tes  a t  2.2 degrees/sec.  
is shown i n  F igure  2.4-4. 
Control  s t i c k  movement is t r a n s f e r r e d  t o  t h e  s t a b i -  
Longi tudinal  f e e l  is provided by a hydraul ic  
The 
This q-feel  u n i t  is  o p e r a t i v e  ab0x-E 250 KIAS and provides  a 
Tr im c a p a b i l i t y  is from -4 t o  +7.5 degrees of s t a b i l a t o r  
The e f f e c t  of t r i m  range on sp r ing  f o r c e  
Low speed p i t c h  c o n t r o l  i s  by r e a c t i o n  c o n t r o l  va lves  a t  t h e  nose and 
a t  t h e  rear fuse l age  extension,  t h e  la t ter  being fed through t h e  same duct ing  
as t h e  yaw valves .  The f r o n t  p i t c h  s h u t t e r  is l inked  t o  t h e  c o n t r o l  column, 
and the  rear s h u t t e r  is l inked  t o  t h e  s t a b i l a t o r .  The r e l a t i o n  of s t a b i l a t o r /  
s t i c k  pos i t i on  t o  p i t c h  va lve  opening is shown i n  Figure  2.4-5. 
RCV va lves  t h r u s t  upward. 
The p i t c h  
The p i t c h  a u t o s t a b i l i z e r  has an a u t h o r i t y  of +1.5 degrees of s t a b i l a t o r  
and works through t h e  forward and a f t  r e a c t i o n  c o n t r o l  va lves .  
RCS SAS can be disaigaged sepa ra t e ly .  
The forward 
2.4.2 LATERAL CONTROL SYSTEM - Conventional a J e r o n s  i n  combination wi th  
r eac t ion  con t ro l s  provide la te ra l  c o n t r o l  a s  shown i n  F igure  2.4-6. 
a i l e r o n s  a r e  power-operated wi th  a r t i f i c d  f e e l  der ived  from a nonl inear  
spr ing ,  wtlich can be biased by an d e c t r i c a l  trim motor. 
c a p a b i l i t y  is equiva len t  t o  113 of i o t e r a l  s t i c k  d e f l e c t i o n  and ope ra t e s  a t  
1 degi'sec of a i l e r o n .  The a i l e r o n  d e f l e c t i o a  and sp r ing  f o r c e  due t o  s t i c k  
movement a r e  shown i n  Figure 2.4-7. L a t e r a l  s t i c k  t r a v e l  is  r e s t r i c t e d  t o  
752 of f u l l  d e f l e c t i o n  above 250 KIAS, b u t  t h e  p i l o t  can ove r r ide  t h e  limiter 
i n  an  emergency. 
The 
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YAV-BB LONGITUOINAL 0 - FEEL SYSTEM 
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Roll c c t t r o l  valves  on t h e  wing r i p s  a r e  l inked t o  t h e  a i l e r o n s  and 
:!rust e i t h e r  up o r  down. 
is shown i n  Figure 2.4-8. 
Lareral s t i c k  p o s i t i o n  versus  r o l l  va lve  opening 
A r o l l  au to  s t a b i l i z e r ,  similar :o t h e  p i t c h  system, is a l s o  provided 
i n  t h e  s t a b i l i q  augmentation system (SAS) and has an a u t h o r i t y  of - +2" of 
a i l e r o n .  
2 . 4 . 3  
coabinat ion of a conventional unpowered rudder and d i r e c t i o n a l  r e a c t i o n  
c o n t r b i s  as shown i n  Figure 2.44. 
but a cen te r ing  sp r ing  is f i t t e d  t o  produce sme f e e l  a t  low speeds. 
d e f l e c t i o n  and spr ing f o r c e  ve r sus  peda l  d e f l e c t i o n  are shown i n  Figure 
2.6-10. 
DIRECYXNAL CON'XOL SYSTEM - Direc t iona l  c o n t r o l  i s  provided by a 
Rudder f e e l  is p r i m a r i l y  aerodynamic 
Rddder 
The rudder t r im  has a c a p a b i l i t y  of 2 9 . 5 "  of d e f l e c t i o n .  
-30 - 20 - 10 0 10 20 30 
Aileron deflection, 6, deg 
om.am2.11 
FIGURE 2.44 























Ruode: pedal position - in. Left Rudder pedal position - in. Right 
0PZl.orrt.t: 
FIGURE 2.4-10 
YAV4B DIRECTIONAL CONTROL SYSTEM CHARACTERISTICS 
Reaction c o n t r o l  i n  yaw is  by po r t  and s t a rboa rd  va lves  i n  t h e  rear 
fuse l age  extension,  t h e  s h u t t e r  being opencd by rudder  movement a s  shown i n  
Figure 2.4-11 . 
The yaw a u t o s t a b i l i z e r  i s  provided i n  t h e  SAS and has a yaw r e a c t i o n  
j e t  a u t h o r i t y  of +S degrees  of equivalent  rudder.  
2.4.4 
s i n g l e  s l o t t e d  f l a p s  and drooped a i l e r o n s .  
droop system i s  con t ro l l ed  by t h r e e  switches ( f l a p  a c t u a t i o n  swi tch ,  
f l a p  mode swi tch  and f l a p  p o s i t i o n  swi tch) .  
l o g i c  are  presented in Figure 2.4-12 and dlscassed  below. 
2.4.4.1 Flap Actuation Switch - This 3-posi t ion,  toggle lever-lock, f l a p  
switch is loca ted  on t h e  l e f t  a f t  console. - OFF ( a f t )  and - RESET (forward) .  
e n t i r e  f l a p  system and locks t h e  switch out of t h r O F F  -p s i t i o n  with t h e  
lever- lock.  RESET is a momentary p o s i t i o n  which reactivates t h e  norna l  
modes of f l a p  opera t ion  if t h e  system has f a i l e d  due t o  a t r a n s i e n t  e’.ectrical 
problem. 
FLAPS AND DROOPED AILERONS - The YAV-BB high lift system c o n s i s t s  of 
Operation of t h e  f l a p  sild a i l e r o n  
The f l a p  switches and system 
Switch p o s i t i o n s  are ON ( n e u t r a i ) ,  
Se l ec t ion  of the ON p o s i t i o n  a c t i g t e s  t h e  
Flap asymmetry must be cor rec ted  before  RESETting t h e  f l a p  system. 
2-21 
ORIGINAL PAOS :F 





DIRECTIONAL RES N O Z L E  OPENINGS 
Flap mode switch 
position Pllot reiecctabie 
FI.0 0' - 25'11ao 
actuation 0' droop 
SWltCh 
2s' flaw 
os eroop - 
Flawozzt3 
i nterconnoct 
29' - 62' flap 
15' eroop 
Airspeed ~ 1 6 5  
Nozzles a16' +- 
Nozzles< 16*-25' 15' WOOQ 
Weight on w h m s  
3 sec delay 
FIGURE 24.12 




2.4.4.2 F l a p  Mode Switch - This 2-position switch is  loca ted  on t h e  left 
forward console.  The DOWN p o s i t i o n  is 
used f o r  both takeoff and landing.  
t h e  flap-nozzle interconnect  schedule (.shown i n  Figure 2.4-13) i f  t h e  air- 
speed is less than approximately 165 KIAS tactual airspeed limits are 175 
KIaS a c c e l e r a t i n g  and 155 KIAS dece le ra t ing ) .  The f l a p s  move down at 4 5 . 9  
degrees per second and up at 64 degrees pe r  second b o  load rates). 
flap-nozzle interconnect  is overridden at higher  t ban  t h e  above-mentioned 
a i r speeds ,  and t h e  f l a p s  are driven t o  t h e  25 degrees p o s i t i o n  at a 7 degree 
per second no-load rate. The maximum nozzle  r o t a t i o n  rate is about 90 
degrees per  second. 
Switch p o s i t i o n s  are DOWN and E. 
The DOWN mode switch p o s i t i o n  activates -
The 
- 
The DOWN f l a p  mode mi -ch  p o s i t i o n  a l s o  a c t i v a t e s  the  a i l e r o n  droop 
system, d e f l e c t i n g  t h e  a i l e r o n s  down 15 degrees (at a no-load rate of 8 
degrees per second), whenever the p i l o t  commands the nozzles to  76 degrees or 
g r e a t e r  and t h e  a i r speed  is less than approximately 165 RJds (actual a i r speed  
limits are 175 KIAS a c c e l e r a t i n g  and U S  KIAS d e c e l e r a t i n g ) .  Aileron 
r e t r a c t i o n  is a t  5.5 degrees  per  second no-load rate. 
a v a i l a b l e  a t  any nozzle  a n g l e  w h i l e  011 t h e  ground by a we1 
switch wi th  a 3 second time delay.  This system al lows che -mut  on t h e  
ground, and assure9 f u l l  droop a t  t h e  moment of nozz le  r o t a t i o n  during 
s h o r t  t akeof f s .  
i f  t h e  a i r c r a f t  becomes l i g h t  on t h e  gear dur ing  l i gh twe igh t  t a k e o f f s  p r i o r  
t o  nozz le  r o t a t i o n .  
Ai le ron  droop is  
on wheels 
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FIGURE 24-13 
Static Relative Angles 
Flap Mode Switch - DOWN 




When Up, the  switch energizes t h e  f l a p  p o s i t i o n  switch on t h e  t h r o t t l e  
handle allowing p i l o t  con t ro l  of f l a p  pos i t i on .  
from the  D e  mode, t h e  f l a p s  will r e t r g c t  t o  0" a t  a 7' p 5  second no-load 
r a t e  and the  ailerons w i l l  tndroop at a no-load rate of 5 . 5  
I f  Up f l a p  mode is se l ec t ed  
per sacond. 
2.4.4.3 Flap Pos i t ion  Switch - This  3 - p o s i t b n  switch on t h e  throttle lever 
is thumb operated,  momentar:. spring-loaded to t h e  OFF p o s i t i a n .  
tions are Up (forward), (aft) and ( n e u t r a l ) .  With t h e  Up f l a p  mode 
se lec ted ,  this switch allows t h e  p i l o t  t o  select any f l a p  p o s i t i o n  from 0" 
to 25" a t  a 7' per  second no-load rate. 
the p i l o t  d i s p L c e s  t h e  switch in the s a l e c t e d  d i r e c t i o n  o r  u n t i l  Oo or 25" 
f l a p  t r a v e l  is reached. 
Switch psi- 
Flap t r a v e l  c o n t h u e s  so long as 
2.4.4.4 
s top at t h e  f a i l e d  posi t ion.  
laper switch. 
Flap Aspmm et- - I f  f l a p  p o s i t i o n  a m e t r y  reaches 5'. t h e  flaps 
The flaps can be r a i s e d  by using t h e  throttle 
No asymmetry comparisoa is prwlded in t h i s  =de. 
2.4.5 'LIFT XWROVEMENT DEVICE SYSTEM (LIDS) - The LIDS c o n s i s t s  of a 
retractable f a c e  locs t ed  between and forward of the  gun pods and external 
s t r a k e s  mounted on the  gun pod f a i r i n g s .  These strakes and fence provide 
lift improvement in ground e f f e c t  during VM operat ion and I n h i b i t  engine 
exhaust r e inges t ion .  ~e lw 165 KUS, the r e t r a c t a b l e  fence extends aud 
retracts with the  landing gear. 
retracts. 
Above 165 KIhS, the fence a u t o m a t i c d y  
2.4.5.1 LIDS Switch - A two-position LIDS swltch labeled AUTO 8nd RETRACT is 
on the low- left s i d e  of the  main i n s r m e n t  panel. 
the switch Fn AUTO, t h e  LIDS f ence  extends and retracts wi th  the  landing 
gear. Above 165 KIds o r  wi th  t h e  switch in  R€TRACT, t h e  LIDS fence retracts 
or  w i l l  not extend vhen the  landing gear i s  down o r  selected down. 
LIDS switch should be in AUM except f o r  conventional t akeof f s  and landings.  
In emergency operat ion t h e  LIDS fence extends pneumatically wi th  t h e  landing 
gear regardless of t h e  LIDS switch pos i t i on  or airspeed.  
Below 165 KIAS v i t h  
The 
2.4.6 
air is a v a i l a b l e  on demand f o r  the a i r c r a f t  r eac t ton  c o n t r o l  system. 
quant i ty  demanded is a funct ion of p i l o t  con t ro l  i npu t s .  
is mounted on the ucders ide  of tire engine, and is geared to  t h e  pin nozzle  
r o t a t i o n  so t h a t  maximum a i r f l o w  is provided a t  approximately 15 
def l ec t ion .  The bleed a i r  is ducted to  the nose ( f r o n t  p i t c h  v a l v e ) ,  t a i l  
(rear p i t ch  and paw valves) and vlng t i p  (roll v a l v e s ) ,  as shown In Figure 
2.4-14. Locations of t h e  reaction con t ro l  v a l v e  are presented in Sect ion 
2 .2 .8 .  
REACTION C m O L  =STEM (RCS) - Compressor d e l i v e r y  ( e igh th  stage) 
The 
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2.5  STABILITY AUGMENTATION SYSTEM 
SAS ADTBoRfrY 
r 
A CONTROL SUWACE A RCS OPENING 
DEC X OF Fm3. OPEN 
-1.5 28 
+1.5 19 
The S t a b i l i t y  Augmentation System (SAS) of the  XAV-8B is a l imitad-  
a u t h o r i t y  three-axis s i m p i a  a u t o s t a b i l i z a t i o n  system. The SAS is  provided 
to improve c o n t r o l l a b i l i t y  i n  hovering and t r a n s i t i o n a l  f l i g h t  condi t ions.  
The SAS is con t ro l l ed  by t h e  AUTO STAB MASTER and AUTO S"XB ENGAGE switches 
located 00 the l e f t  console. A s epa ra t e  switch is provided f o r  t h e  forward 
r e a c t i o n  con t ro l  valve (RCV) series servo. Although t h e  axes cnnnnt be 
selected i nd iv idua l ly ,  f a i l u r e  o i  one chamral does not affect operat ion of 
t h e  o the r s  except that tbe yaw SAS is inope ra t ive  without the  r o l l  SAS. 
Pos i t ion  switches i n  t h e  f l a p  and land- gear l i nkage  disengage t h e  SAS when 
t h e  f l a p s  are selected UP, o r  t h e  lglrdlng gear is r e t r ac t ed .  
weight l a  on the main gear t h e  paw SAS is disengaged. 
DOWN, the r e t r a c t i o n  of the lirnding g a r  does aot disengage the SAS. Above _ _ . _  
250 KIAS a s i g n a l  from t h e  alr data wmputer disengages t h e  SAS. 
a u t h o r i t y  of t h e  s y s t e m  about each axis l s  shown in Figure 2.5-1. 
When t h e  a i r c r a f t  
I f  t h e  f l a p s  are s e l e c t e d  
The 
! - +2.0 16 
- +5.0 50 
FIGURE 2.5-1 
STABILITY AU-ON S P S m  AUTHORITY 
Functianal block diagrams f o r  t h e  long i tud ina l  and lateral-diractiorrdt 
s t a b i l i t y  augmentation c o n t r o l  s g s t m s  are shown in F igures  2.5-2 - 2,504.  
Feedback gains are summarized in Figure 2.5-5 to 2.5-7. 
Figure 2.5-2 shows t h e  long i tud ina l  s t a b i l i t y  augmentation con t ro l  sys- 
tan. The p i t c h  r a t e  feedback loop is closed through the s t a b i l l z a r  a c t u a t o r .  
The aft p i t c h  r eac t ion  con t ro l  va lve  is driven mechanically by t h e  s t a b i l i z e r  
ac tua to r  and exhausts downward only. 
p i t c h  RCV anhances s t a b i l i t y  augmentation uhen the forward RCV is d-dd 
opem and t h e  RCS is oc t iva t ad  such as ln t h e  hover mode o r  during short 
takeoff and accelerating t r a n s i t i o n  flight. 




A diagram f o r  t h e  r o l l  and yaw s t a b i l i t y  augmentation system is shown 
i n  Figure 2.5-3 and 2 .5 -4 .  It c o n s i s t s  of  a rate feedback loop f o r  r o l l  and 
cance l led  r a t e  damping and t u r n  coord ina t ion  f o r  yaw. 
c o n s i s t s  o f  a yaw r a t e  feedback processed through a high-pass f i l t e r  which 
cance ls  t h e  s teady  s t a t e  signal. This feedback is combined wi th  a lateral  
a c d e r a t i o n  feedback i n  a manner t o  improve t u r n  coord ina t ion  a t  t h e  
t r a n s i t i o n  speeds. The yaw SAS only opera tes  through t h e  yaw RCV; t he re fo re ,  
t h e  yaw SAS is only e f f e c t i v e  when the RCS is ac t iva t ed .  
Cancelled rate damping 
Selected gains for s t a b i l i t y  augmentation are summarized in Figures  2.5-5 
t o  2.5-7.  
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ROLL BATE COMPENSATION 
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LATERAL ACCELERATION COMPENSATION 




ROLL TO PAW COMPENSATION 
YAW RATE STRUCTIJUL FILTER 
YAW BATE WASHOUT 
YAW RCV GEARING 
YAW RCV SERVO 
VALUE - UNITS -- 
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S / ( l  + 3.11s) - 
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1/(1 + ,0175s) - 
FIGURE 2.5-7 





2.6.1.1 General Descr ipt ion - The PF402-RX-404 engine r e t a i n s  the  same b a s i c  
dimensions and f ea tu res  of the  FOO2-RR-402. The engine c o n s i s t s  of f a n  and 
compressor assemblies ,  an  annular  combustor, two tu rb ine  assemblies, and 
t h e  thrust-vector ing exhaust nozzle  system. The s i g n i i i c a n t  engine f e a t u r e s  
a r e  : 
o Non-mixed- f low turbofan 
o Two-spool cons t ruc t ion  - High Pressure  (HP) and Low Pressu re  (LP) 
r o t o r s  are cont ra - ro ta t ing  t o  minimize gyroscopic e f f e c t s .  Four 
main bear ings are used t o  support  t h e  two r o t o r s  (two bear ings  p e r  
r o t o r ) .  
o Three-stage f an  - The f i r s t  two s t a g e s  are o v e r h u q  f ro% t h e  f r o n t  
f a n  bear ing.  Inlet guide vanes are not  used, thus  reducing Foreign 
Object Damage (FOD) s u s c e p t i b i l i t y  and e l imina t ing  t h e  requirement 
f o r  an t i - ic ing .  
o Eight-stage high-pressure compressor - Incorpora tes  v a r i a b l e  i n l e t  
guide vanes and 1nt:rstage bleed valves .  A i r c r a f t  services bleed 
is extracted from t h e  6th s t age ,  and compressor d ischarge  a i r  (8 th  
s t age )  is provided f o r  t h e  a i r c r a f t  reaction con t ro l  system (on 
demand). 
o Anriular combustor w i t h  J-tube vaporizing f u e l  I n j e c t i o n  
o Combustor water injection 
o %-stage a i r  cooled HP t u rb ine  
o Two-stage I2 t u rb ine  
These engine f e a t u r e s  are i l l u s t r a t e d  i n  Figure 2.6-2 and s i g n i f i c a n t  
design c h a r a c t e r i s t i c s  are t abu la t ed  In Figure 2.6-3. 
An uprated gearbox dr iven  by t h e  high p res su re  r o t o r  is a n t e d  on t o r  
of t h e  engine. 
ometer generator ,  in le t -guide  vane con t ro l ,  gas-turbine starter, and (?) 
hvdraul ic  pumps. 
t h e  LJ tachometer-generator. 
Drive pads are provided f o r  t h e  engine f u e i  pump, Hp tach- 
A s h a f t  seared  t o  t h e  low-pressure r o t o r  I s  used to d r i v e  
The engine f u e l  con t ro l  i s  a hydromechanical u n i t  mounted t o  t h e  accessory 
gear  box. 
f u e l  pumps, a low-pressure i o t o r  speed governor, and a c c e l e r a t i o n  a n d  flow 
con t ro l  u n i t s .  
The f u e l  con t ro l  unit incorpora tes  low pressure  and high pressure  
The engine o i l  svstem I s  self-contained and is of the  scavenge-return 
type, incorpora t ing  a fuel-cooled o i l  cooler .  The o i l  tank is mounted on 












PEGASUS ENGINE DESIGN FEATURES 
F8nSt8ge~8 ...................................... 3 
Fan airflow ...................................... 430.7 I b h c  
Fanpressureratlo ................................ 229 
Fanspow ...................................... 6,SOOrpm 
Campmrstagm 8 
Compres8otairflow .............................. 184.2 IblMc 
Compras6or $pod ............................... 11 ,boo rpm 
Zompnmor pressure ratio ........................ 6.0 
Overall pressure ntlo ............................. 13.7 
Bypassratlo . . . . . . . . . . . . . . . . . . .  . . . . . ._..  ....... 1.34 
HP tUrbi;lO stag08 ................................ 2 
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The engine is equippe6 with four  r o t a t a b l e  nozzles ,  two on each s i d e  
of the  engine. All four  nozzles are a f ixed  area, convergent type. The 
nozzles a r e  mechanically interconnected and are posi t ioned simultaneously 
by an a i r  ac tua ted  d r i v e  mechanism which provides t h e  des i r ed  degree of 
t h r u s t  vectoring. The f r o n t  (cold)  nozzles are airframe mounted on each 
s i d e  of the  f a n  de l ive ry  duct and a r e  interchangeable between s i d e s .  
incorporate  a zero degree s c a r f  angle.  
dn extensive test program conducted j o i n t l y  by Rolls-Royce (RR) 
w a s  o r i g i n a l l y  conceived t o  reduce an adverse exhaust plme/wing,’pylons 
i n t e r a c t i o n  that e x i s t s  wi th  the AV-8A f r o n t  nozzles .  The zero sca r f  nozz le  
success fu l ly  demonstrated a reduct ion i n  these adverse i n t e r a c t i o n s  in f u l l  
scale tests a t  NASA h e s  Research Center. In developing t h i s  conf igu ra t ion  
to  a f l i g h t w o r t h y n o z z l e  f o r  the  YAV-8B, RR has also improved t h e  nozz le  
e f f i c i e n c y  and flow c h a r a c t e r i s t i c s .  Test s t and  c a l i b r a t i o n  of t h e  f i r s t  
YAV-8B engine, conducted by Roll  -Royce during Apr i l  1978, demonstrated a 
200 l b .  t h r u s t  improvement at t h e  Short L i f t  Wet rating. 
They 
This conf igu ra t ion  w a s  developed i n  
and MCAIR. 
The rear (hot)  nozzles  are mounted on t h e  t u r b i n e  exhaust duct,  are 
also interchangeable and are unchanged from t h e  AV-8A/F402-RR-402. 
combined e f f e c t i v e  flow areas are 389 sq. in.  fo r  both  f r o n t  nozzles  and 
53C sq. in. f o r  both rear nozzles.  Each nozz le  inco rpora t e s  two a i r f o i l  
s e c t i o n  turning vanes spaced e q u i d i s t a n t  ac ross  t h e  nozz le  exit.  
The 
It 
The nozzle  c o n t r o l  system c o n s i s t s  of a nozz le  c o n t r o l  l e v e r  mechanically 
connected t o  dup l i ca t e  independent air  motors which are, in tu rn ,  connected 
to  t h e  nozzle d r ive  system. The nozzle system is shown i n  Figure 2.6-4. 
The YF402-RR-404 r e t a i n s  t h e  cu r ren t  ve r s ion  of t h e  Dowty hydromechanical 
f u e l  c o n t r o l  unit, including all approved R e l i a b i l i t y  and Main ta inab i l i t y  
modif icat ions.  
Other f e a t u r e s  incorporated in the YF402-RR-404 include:  
N e w  bulkhead t o  ioarch t h e  new wing lower moldlines 
F i r e  ex t ingu i she r  pipes  deleted 
Simplif ied electrical harness 
External  dimensions and d e t a i l s  of the  engine a r e  presented  i n  Figure 
2.6-5.  
2 .6 .2  
s t a r t i n g ,  V/STOL f l i g h t ,  and conventional f l i g h t .  The engine i s  con t ro l l ed  
through two primary systems. 
nozzle vector ing cont ro l .  
temperature (and t h e r e f o r e  t h r u s t )  while t h e  nozzle  c o n t r o l  system c o n t r o l s  
the d i r e c t i o n  of the engine gross  t h r u s t  vec to r .  
E N G I N E  OPERATION - Engine oDeratlon involves t h r e e  b a s i c  modes; engine 
These are the  engine f u e l  c o n t r o l  and t h e  
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2 . 6 . 2 . 1  Fuel Control System - The YF402-RR-404 engine is cont ro l led  by a 
hydromechancid fuel cont ro l  system which governs fan  speed and maintains  
operat ion wi th in  selected design limits. 
are: 
metering va lve ,  acce le ra t ion  cont ro l  unit ,  air bleed --met uni t  (which 
provides add i t iona l  f u e l  f low whenever r eac t ion  con t ro l  system (RCS) bleed 
is demanded), vater bypass solenoid,  f u e l  g a l l e r y  and check valves., igniter- 
jets and main-jets.  
limiters which opera te  on engine internal pressure  and temperature signals. 
The cont ro l  system also has t h e  c a p a b i l i t y  t o  over r ide  t h e  limiters and t o  
select an alternate manual f u e l  con t ro l  circuit which serves  as a backup 
cont ro l  system. 
Vane (IGV) con t ro l  unit, which r egu la t a s  coolpressor IGV pos i t i on  and Blow-off 
(bleed) Valve operation. 
The cont ro l  system components 
fan speed governor, limiters, pressure  drop r egu la to r  f o r  t h e  main 
Engine opera t ing  limits are maintained by a set of 
Addit ional  engine con t ro l  is provided by t h e  Inlet Guide 
The engine con t ro l s  are i l l u s t r a t e d  io Figure 2.6-6. 
The governing func t ion  of the  cont ro l  opera tes  above 85% fan speed by 
con t ro l l i ng  t h e  f u e l  metering o r l f i c e  area as a func t ion  of f a n  speed, thus 
mafntainlng a constant  r e l a t i o n s h i p  between engine speed and power lever 
angle.  
an e r r o r  e x i s t s  between the  actual f an  speed and t h e  power lever commanded 
f a n  speed. The Accelerat ion Control U n i t  (ACU) schedules man4mm fuel  flow 
as a funct ion of compressor discharge pressure  (P3), and fan de l ivery  p r e s -  
sure (Pi31 through pos i t i on ing  of t h e  maln meteriag valve. At less than 85% 
fan speed t h e  t h r o t t l e  pos i t i on  d i r e c t l y  selects a metering o r i f i c e  area 
independent of f an  speed, thus  dftectlj- con t ro l l i ng  fuel flow. 
reglme, t he  f u e l  flow is indapeadent of a l t i t u d e  and ambient temperature. 
The engine speed is determined by the fue l  flow with  no control a r  feedback 
i n t o  the  governing system. 
as ambient condi t ions vary. 
Accelerat ion and dece lera t ion  c i r c u i t s  ove r r ide  t h e  governor when 
In this 
Fan speed will vary at a given t h r o t t l e  pos i t i on  
o Limiters  - The limiters sense pressure  and temperatures and compare 
the observed va lues  aga ins t  re fe rence  limit values  (termad datums), when 
a limit is  reached o r  exceeded t h e  f a e l  con t ro l  reduces fuel flow as 
necessary t o  maintain engine opera t ion  wi th in  the spec i f i ed  1Mts. 
lfmlts used t o  cont ro l  t he  engiae are exhaust gas temperature (EGT), 
compressor discharge pressure,  and HP compressor pressure  r a t i o .  
The 
1 
The EGT Iimiter is an e l e c t r o n i c  con t ro l  unit which senses EGT. When 
t h e  EFT exceeds datum level, t h e  limiter a c t s  through the  fan  speed governor 
t o  reduce tan speed until  t h e  corresponding EGT is  within t h e  proper limits. 
The EGT limiter has t h ree  temperature datums, Short Lift Wet ( S L W ) ,  Short 
Lift  D r y  (SLD) and Maxinnrm Thrust. The spec i f i ed  datum t o  which the limiter 
operates  is dependent on t he  aircraft mode of operat ion.  The ECT datum$ are 
in te r locked  with t h e  nozzle pos i t i on  and landing gear electrical  c i r c u i t s  
so t h a t  t h e  V/STOL datums, SLW and SLD, can only be w e d  when e i t h e r  t he  
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The Pressure Rat ic  L a t e r  (PRL) maintains stable engine operat ion 
a t  h igh  a l t i t ude i low speed c o t d i t i o n s  by l i m i t i n g  maximum engine speed, and 
therefore  maximum a i r f low.  
1012 through l i m i t a t i o n  of t he  pressure  r a t i o  across  t h e  Hp coupreasor. 
This is achieved by the  PRL, w h i c h  s8nses fan and Bp de l ive ry  pressure,  
bleeding fuel from downstream of t h e  ma- metet ing valve back t o  pump inlet. 
A si-l from t h e  a i r  da ta  comutar renders t h e  PRL inopera t ive  at altitudes 
b d w  i 0 , O O O  f t  where cor rec ted  speed l i m i t i n g  is aeither needed nor  desired.  
Corrected €an speed i s  l i m i t e d  t o  a maximum of 
L e  Compressor Pressure Limiter (CPL) senses EP compressor exit 
pressure  and operates  at approximately 255 ps ig  t o  res t r ic t  t h e  P3 pressure  
signal t o  t h e  ACU, thus con t ro l l i ng  t h e  ae t e red  fuel  supply. The effect is 
t o  limit the maximum combustion chamber pressure  and also t h e  LP shaft 
torque t o  values which permit t h e  design c y c l i c  fatigue M e  t o  be achieved 
on t hese  items. 
In  c u e  of emergency,. t h e  limiters, wi th  t h e  exception of CPL, can be 
overr iden by t h e  p i r o t .  
r a t i o  and exhaust gas temperature limiters out  of t h e  con t ro l  c i rcui t .  
switch can be ac tua ted  e i t h e r  by hand or by pusking t h e  t h r o t t l e  hard against 
t h e  fos-ard  t h r c t t l e  stop. Once t h e  limiters have been overridden, i t  is  
necessary f o r  the  ;;lot t o  manually cont ro l  engine speed and temperature 
through t h e  ttzo.;tle. 
A garitch on t h e  t h r o t t l e  quadrant cu t s  t h e  pressure  
The 
o Inlet Guide Vane Control - The Inlet Guide Vane (IGV) Control 
regulates Ehe SF cczpressor  v a r i a b l e  inlet guide vanes. 
00 a linear schedule aga ins t  cor rec ted  compressor speed from +40" t o  - 2 O .  
The IGV cont ro l  uses f u e l  as its hydraul ic  medium but  is o the rv i se  completely 
sepa ra t e  from t h e  main f u e l  system. 
They are operated 
o B l o w  Off Valve Control - The B l o w  Off Valve (BW) Control regulates 
the HP compressor bleed valves on t h e  5th s t age  which b l e sd  approximately 
102 of t h e  core  airflow i n t o  t h e  p l a n  . chambs These are closed by a 
ro t a ry  valve mounted on t h e  IGV opera t ing  shaft. The BOV closes/opens a t  
18" IGV angle  which corresponds t o  approximacaly 70% Bp RPMlSSX fan RPM. 
With t h e  BOV open, add i t ioua l  EP compressor surge margin is obtained at 
low speeds t o  assist s t a r t i n g  and acceleration. 
o Water In j ec t ion  - Water can be in j ec t ed  i n t o  t h e  embustion chamber 
to augment t h r u s t  f o r  V/STOL operation. The con t ro l  systam resets to 
higher  speed and temperature limits since t h e  use of water allows increased 
turb ine  inlet sas temperatures wlthout increasing m e t a l  temperature above t h e  
corresoonding .frv value. The water flow rate Is auproximatelp 350 pounds per  
minute. 
fuel c o n t m l ,  t h e  p i l o t  can select manual f u e l  con t ro l  operat ion.  In t h f s  
mode all governing, ac.caleration, doca lera t ion ,  and l i m i t i n g  funct ions are 
bypassed and f u e l  flow is d i r e c t l y  and mechanically cont ro l led  by t h e  power 
lever. A l l  limits m u s t  be p i l o t  o b s e r ~ e d .  





Short lift (wet) 
Short lift 
Normal iift (wet) 
2.6.2.2 Nozzle Control Lystem - The vectored t h r u s t  f e a t u r e  of the Pegasve 
engine enables  t h e  p i l o t  t o  r0tat .e t h e  engine gross t h r u s t  vectoz i o  t h e  
optimum angle  f o r  a given f l i g h t  condi t ion.  Thrust  vec tor ing  is accomplished 
throuqh t h e  simultaneous r o t a t i o a  of t h e  fou r  nozzles  wi th in  t h e  range of 
0' t o  98 .5"  relative t o  t h e  engine c e n t e r l i n e .  This  r o t a t i o n  i s  i n i t i a t e d  
by, and is propor t iona l  t o ,  t h e  mvement of the  nozzle  c o n t r o l  lever .  This  
mo*~ment  is t ransmi t ted  via pul ley  and cab le  t o  d u p l i c a t e  a i r  motors -rhich are 
driven by s i x t h  s t a g e  compressor b leed  air. 
through a system of s h a f t s ,  gears,  and chains .  The no rz l e  con t ro l  l e v e r  is 
the  only add i t iona l  cockpi t  con' 1 required f o r  V/STOL opera t ion ;  t h e  only 
add i t iona l  cockpi t  izs t rument  is che gauge which d i sp lays  t h e  angular  p o s i t i o n  
of t h e  cozz lcs .  
The a i r  motors d r ive  t h e  nozz les  
cornctd Maximum Compmror 
Fan r p d  fan 8- exhaust gar disclurge Cumuiativa 
limit ilm)t (% ~d temrm:tun Pmsum tlmr 
limit iiml9' 
107.0 106.5 745 255 15 sec 
103.5 715 15 sec 
104.5 720 1.112 min 
6) I"C) @rig) (Yo t iF)  
2.6.2.3 Operating L i m i t s  - The YF'402-RR-404 engine control and time W t s  
are shown i n  Figure 2.6-7. The time limitations shown are cumulative and 
include any time spent a t  h igher  power s e t t i n g s .  The p i l o t  must &nual ly  
cont ro l  t h e  t h r o t t l e  so as not  t o  exceed t h e  fan  speed limits u t  high 
ambient temperatures whi le  using t h e  Short L i f t  r z t i n g s  a t  zero  o r  low 
bleed rates. The Normal L i f t  and Maxlmum Continuous r a t i n g s  a l s o  r equ i r e  
p i l o t  contz.01 over  zngine speed and temperature.  Se l ec t ion  of dry limits 
by t h e  f u e l  con t ro l  is dependent upon t h e  opera t ing  mode of t h e  a i r c r a f t ,  i .e.,  
V/STOL o r  conventional f?!.ght. 
signals taken from t h e  nozzle  and main l a t d i n g  gear  posicions.  
are actuated by p i l o t  s e l e c t i o n  of water i n j e c t i o n .  
p i l o t  must umllually con t ro l  engine speed t o  s t a y  wi th in  cor rec ted  Apeed 
limits s ince  t h e  PRL is Inoperat ive.  
This  h i o r m a t i o n  is suppl ied  by electrical 
GJr : l M t s  
Below 10,000 f t  t h e  
Nonnal lift" 100.0 
Maximum thrL 95.5 
Maximum cont I 89.0 
For f l i g h t  test purposes, t h e  YF402-RR-404 eqines  have b e m  c1ea:ed eo 
opera te  at  Combat EGT l e v e l s  f o r  wingborne f l i g h t  and f o r  exteaded per iods  
wi th in  Normal L!ft Dr] for hover. Combat EGT levels of 65OoC o r  675OC are 
ava i l ab le  f o r  a maximum of 2.5 minutes i n  wingborne f l i g h t .  
achieved through t h e  use of s p e c i a l  EGT Limiter datum temperature s e l e c t o r  
This is 
695 2-112 min 
101.0 610 15 min 
i t m e  I , 10.m n 540 None 
FIGURE 26.7 
YF402-RR404 ENGINE OPERATINO LIMITS 
2-4 3 
MDC A7910 
V O l ~  I 
plvgs,  which s u b s t i t z t e  e i t h e r  650°C o r  6 7 5 ° C  f o r  t h e  nowdl  Max Thrust 
l i m i t  of 6OOOC. 
Em l imi t a t ion  must be pbonually cont ro l led  by t h e  p i l o t .  
operat iag in the  Combat EGT reglme, ;ha fan speed must be l imi t ed  t o  LOO? 
at a i r speeds  between 250 to 450 h o t s ,  and to 95.5% at  airspeedo above 
450 knots. An angina l i f e  penalty is also assessed - :a& flight using 
Combat Em. 
When d t h e r  of the  s p e c i a l  plugs is Ins t a l l ed ,  t he  Max Thrust 
In addi t ion ,  w h a  
For the purposes of achieviag s teady state condi t ions during sus ta ined  
performance hover a c t i v i t y ,  t h e  -402-RR-404 hasobeen clewed t o  opera te  f o r  
4 minutes at  exhaust gas tamperat;:res b a l m  685 C ,  in ZFau of t h e  oor-d 2.5 
minute l h l t o t i o a  within N o m 1  Lift D r y  (NLD). 
v - w l t s  i n  t he  same n*nnber of Engine Li fe  Recorder counts as do- 2.5 minutes 
:he NLD Ea limit of 69SoC,  therefore  no engine life penal ty  is assoc ia ted  
a i t h  t h i s  extension. 
Four minutes a t  685.C 
2.6.2.4 htgine Starting - The PAV-8B propulr ion mtem l a  completely a d f -  
s u f f i c i e n t  fo r  engine starting. An engine mounted gu, turbine starter 
( G T S )  is s t a r t e d  using internil  b a t t e r y  power. 
improved Lucas GT‘:. which is derived from t h e  LUCAS piw I m d  Mk I1 Crs mite 
u e d  on the AV-8A. 
the righthand instrument penal. 
f u e l  t o  be d e l i v u e d  to t he  engine LP f u d  pump. 
t o  ON opens a solenoid valve to de l ive r  f u e l  to tho GTS and arm t h e  s t a r t i n g  
circuits. 
and engine s t a r t i n g  cycle. 
The YAV-88 incorpora tes  m 
The aircraft boost pumps are ac tua ted  by switches on 
Opening t h e  LP f u e l  valve then a i l m  
Moving the START r v i t c h  
The momentary movement to t he  START pos i t i on  Initiates t h e  GTS 
The GT3 is s ra r tod  by a 3.0 horseparex clectrical  motor powered by an 
a i r c r a f t  ba t t e ry .  
CTS rtuches se l f - sus ta in ing  s p e d .  For engine s t a r t i n g ,  the  GTS power turb ine  
dr ives  the  engine through the  a d f a r ! ?  gaarbox. 
allovr f u e l  t o  b. del ivered to fud -ac tua ted  engine accas ro r i a s  such as 
the  ICV control .  Afser che GTS h M  s t a r t e d ,  t h e  LIP f u e l  valve must be 
opened by advancing t h e  engine t h r o t t l e  to t he  IDLE pos i t ion .  
fuel t o  be del ivered through t h e  fue l  cor.t-r?l d t s  to the  engine combustor. 
By the  tuna the  GTS oucput shaft *ad the  Bp r o t o r  o f  t he  engine have acc r l e r -  
aced t o  3200 RPM, t he  engine i o  ~ . , f - s w t a i n f n g  .ad starter assist is no longex 
required. The GTS is then automatical ly  shut  down by s h u t t i n g  o f f  its 
fue l  supply. 
The electric motor automatical ly  disengages when the  
Rotat ion of t he  HP spool 
This a l l o m  
The engine cnntinues to accelerate up to its idle speed of 
approximntely 25% f a  Spbad. 
tn order  t o  s t u t  d m  the  engine, t h e  t h ro t t3e  is aimply re tarded to 
the  cutoff pos i t ion ,  w h i c h  c loses  the  XP fuel valve m a  s tops  t h e  f u e l  flow. 
2 . 6 . 2 . 5  V’STOL Operation - In theV/STOL f l i g h t  mode. the  EGT limiter is 
reset from the wingborne f l i g h t  limit to t h e  lift rating limit. 
vector ing exhaust nczzler a r e  down and compressor bleed tiir is yrcvi.dsd TU 
tho a i r c r a f t  reac t ion  cont ro l  S y S t a I n .  




!henever the nozzles a r e  def iected more than 16' below the a f t  p o s i t i o n  
o r  t h e  main landing gear is  locked down, the  exhaust gas temperature limiter 
is r e s e t  t o  the  Short L i f t  Dry value t o  allow operat ion at higher engine 
speed. Thrust augmentatlor. is  a v a i l a b l e  by water i n j e c t i o n  i n t o  t h e  combus- 
t o r  i f  the  fan speed is a t  least 95%. Se lec t ion  of water i n j e c t i o n  by t h e  
p i l o t  t u r n s  on t h e  water pump and resets t h e  f a n  speed governcr t o  a higher  
l i m i t .  The EGT l i m , L e r  is reset t o  a higher  va lue  as soon as t h e  water 
begins t o  flow. 
i f  t h e  water sapply is exhausted, t h e  f a n  speed drops below 75%, o r  t h e  p i l o t  
shu t s  o f f  t h e  water i n j e c t i s n  system switch. 
Automatic r eve r s ion  t o  t h e  Short L i f t  Dry r a t i n g  w i l l  occur 
Automatic engine c o n t r o l  w i th in  t h e  a p p l i c d l e  speed and temperature 
limits is provided only in t h e  Short L i f t  r a t i n g s ;  t h e  p i l o t  m u s t  manually 
con t ro l  t h e  engine t c  t h e  Normal L i f t  speed and tempzrature limits. 
P.otation of t h e  nozzles beyond 36' f u l l y  opens a b u t t e r f l y  v a l v e  i n  t h e  
Maximum air- 
a i r c r a f t  r e a c t i o n  c o n t r o l  system duct that makes -compressor discharge b leed  
a i r  a v a i l a b l e  f o r  a t t i t u d e  c o n t r o l  during takeoffoand landing. 
flow is a v a i l a b l e  f o r  nozzle deflecticm beyond 15 . 
are used, t o t a l  t h r u s t  ( including t h e  t h r u s t  from t h e  r e a c t i o n  c o n t r o l  system) 
is maintained approximately constant over a range of bleed rates. 
ex ten t  of t h i s  range i s  dependent upon ambient temperature and power s e t t i n g ) .  
This is nccomplished by inc reas ing  f u e l  f l o w  and t h e  t u r b i n e  inlet tempera- 
ture as t h e  b leed  rate is increased. An a i r -b leed- rese t  w i th in  t h e  f u e l  
c o n t r o l  unit provides t h e  a d d i t i o n a l  f u e l  flow during a c c e l e r a t i o n  whene-er 
bleed air i s  being extracted.  As bleed  is increased,  t h e  exhaust gas tempera- 
t u r e  w i l l  eventual ly  reach a s e l e c t e d  limit. 
cause a reducL,on i n  t h r u s t  a t  t h e  l i m i t i n g  temperature. 
are r o t a t e d  a f t ,  r e a c t i o r  c o n t r o l  bleed is shut  o f f .  Also, when t h e  nozzles  
a r e  r o t a t e d  a f t  t o  t h e i r  zonventional flight pos lz iocs  and t h e  main landing 
gear is r e t r a c t e d ,  t h e  EG1 limiter resets t o  conventional f l i g h t  limits and 
t h e  engine is con t ro l l ed  t o  the  Maximum Thrust r a t i n g .  
When the l i f t  r a t i n g s  
(The 
Further  i nc reases  in bleed  then 
When t h e  nozzles  
2.6.2.6 Conventional F l i g h t  Operatioo - Engine ope ra t ion  i n  the conventional 
f l i g h t  mode is similar t o  that of o t h e r  engines. 
i n  normal operat ion is a 15 minute Maximum Thrust r a t i n g .  
engin€> have been c l e x e d  t o  a 2.5 minute CoaJat r a t i n g  f o r  f l i g h t  t es t .  
Thrust vector ing may be  used as an a i d  t o  a i r c r a f t  maneuvering, w i t n i n  thn 
f l i g h t  envelope r e s t r i c t i o n s .  
t o  ob ta in  r eve r se  t h r u s t  e i t h e r  i n  f l i g h t  o r  on t h e  ground. 
The h ighes t  power s e t t i n g  
The YF402-RR-404 
The nozzle  system can be  r o t a t e d  through 98.5' 
2.6.3 4 I R  INDUCTION SYSTEM - The a i r  induct ion system f o r  t h e  YAV-8B is  t h e  
direc: result of an in le t  development program which follows a m i h i m u m  change 
?t i losophy.  
t i o n s  incorparated t o  achieve des i r ed  per foraance  and d i s t o r t i o n  inprbvements. 
The i n l e t  developEent program w a s  d i r e c t e d  toward an inc rease  i n  V/ST3L t o t a l  
pressure recovery and reduct ion i n  high speed distortion at high p o s i t i v e  and 
negat ive angles of a t t a c k .  Extensive i n l e t  model t e s t i n g  a t  s t a t i c ,  low 
speed and h i g h  speed co3di t ions,  combined wi th  f u l l  s c a l e  t e s t  r e s u l t s  a t  
NASA Ames Research Center f a c i l i t i e s ,  has shown t h a t  t h e s e  ob jec t ives  have 
been achieved wi th  t h e  YAV-8B i n l e t .  




2.6.3.1 Phm ical  Description - The U V 4 B  inlet is a subsonic b i fu rca t ed  p i t o t  
type and incorpora tes  tw3 s i d e  inlet ducts  each of approximately 190' c i r c u l a r  
arc a t  t h e  h igh l igh t  p lane .  
face. The main l i p  b c o r p c r r t e s  a l a r g e  cont rac t ion  r a t i o  (h ighl ight  area 
divided by If? t h r o a t  area, 1.24) vhre  t h e  l i p  throat is defined as t h e  
junc t ion  be- a 2:l quar te r -e l l ipse  l i p  and the internal duct lfnes. 
This U p  shape l s  being used on the YAV-8B inlet because of its excellent 
V/STOL and high speed performance characteristics. 
The ducts  merge N o  laches ahead of t h e  engine 
A Large a d a a r y  inlet around the p e t i p h x y  of each cowl provides  
add i t iona l  inlet  area f o r  takeoff  and low speed operation. The double- 
&or auxiliary M e t  corrfiguratioa is shown in Figure 2.6-8. 
inlet contains seven passages w h i c h  converge t o  form a continuous s l o t  
before  en te r ing  the main =et duct. The passages are separa ted  by f o r t  
and-aft stmts which comec t  t h e  f r o n t  aad rear sec t ions  of the inlet cowl. 
Each auxiliary inlet passage incorporates Cwo f r e e  f l o a t i n g  blow-in-doors 
hinged a t  their leading edges. 
the aircraft moldline in the closed pos i t ion .  
Each a u x i l i a r y  
The door eftezpal surface is flush with 
The boundary layer bleed system, showu in Figure 2.6-9, is similar t o  
t h a t  of the AV-88. A f l u s h  b leed  s l o t  Fs l oca t ed  on t h e  inboard wdhl  of 
each Met ,  M i a t e l y  a f t  of the entry plane. The slot i s  covered by 
a EP;O p iece  door (split iato upper and lower halves) which  is hinged at  
Its leading edge and l s  spring-loaded closed. 
slot is ducted ward t o  an exit at the rear of the canopy, frcm which it 
discharges overboard at an angle of approldmately 4S0. 
Boundary layer air f r o m  each 
The inlet  p lan  and s i d e  views previously shown in Figure 2.6-8 illustrate 
t h e  short highly curved na tu re  of t h e  lalet ducts.  
roughly equal t o  the engine f ace  diameter due t o  constraints set by the 
o v e r a l l  a i r f rame layout.  
'ILe duct len-h is 
Figure 2.6-10 p r e s e n t s  t h e  M e t  design parameters. 
2.6.3.2 Ope ration - The Y.AV-8B iulet has m o  separate and distinct operating 
nedes, Le., V/STOL a d  conventional f l i g h t  operation. These modes are 
determined by tk pos i t ions  of the ausil larp inlets and t h e  boundary layer 
bleed doora. 
determines t h e i r  pcs i t i ons  and hence t h e  opera t ing  mode. 
doors a r e  f r - - - f loa t ing ,  t h e i r  pos i t i ons  determined only  by s ta t ic  pressure  
d i f f e r e n t (  . The spring-loaded boundary layer bleed doors are pgs l t ioned  
pressure  d f f f e r e n t i a l  and an opposing spring force.  
S c i t i c  pressure  d i f f e r e n t i a l  ac ross  these  components 
The auxiliary M e t  
, by a s t  
o V/STOL Operation - T ~ Q  engin* a i r f l a t  requi red  f o r  v e r t i c a l  or short 
takeo2f is s q p l i s d  a t  high t o t a l  pressure recovery through use of a 
large ide t  cont rac t ion  r a t i o  and a d i a r y  Inlets. The auxiliarp inlets 
increase ava i l ab le  flow area, thus maintaining low v e l o c i t y  pas t  t he  main 
i n l e t  l i p s  and minimizing t o t a l  p ressure  loss. 
f ree-f loat ing a u x i l i a r y  inlet  doors open due to t h e  pressure  d i f f e r e n t i a l  
c a s &  by t h e  duct s ta t ic  pressure being less than ambient pressure.  The 
combined e f f e c t s  of spr ing  force  and pressure  d i f f e r e n t i a l  hold t h e  boundary 
l a y e r  bleed doors closed. 
O/STC)L regime. 
During V/STOL opera t ion  the  
Figure 2 . 6 - U  illustrates inlet  opera t ion  i n  the  
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INLET DESIGN PARAMETERS 
Rollmouth m a  r of man lips 
Centerfine of aircrafi ------ 
FIGURE 26-11 
INLET OPERATING MODES 
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V o l u m e  I 
o Conventional F l i g h t  Operation - During conventional f l i g h t  (cruise 
o r  high speed) t h e  a u x i l i a r y  inlet doors are closed as a result of t h e  inlet 
duct pressure being higher  than ambient. 
are posi t ioned as a func t ion  of t h e  duct s t a t i c  p re s su re  which i s  e s t a b l i s h e d  
by f l i g h t  Mach number and engine power s e t t i n g ,  t h e  b l eed  exit s t a t i c  p re s su re  
(usually ambient), and t h e  opposing s p r i n g  force.  A t  cruise power s e t t i n g s  
t h e  reduced i n l e t  mass flaw r a t i o  results i n  reduced inlet v e l o c i t i e s  w i t h  
r e s u l t a n t  increased duct s tatic pressure.  As t h e  sp r ing  f o r c e  is overcome 
by t h e  pressure d i f f e r e n t i a l  a c r o s s  t h e  door(duct p re s su re  minus b leed  exit 
p res su re ) ,  t h e  doors open t o  remove t h e  boundary l a y e r  from t h e  i n l e t  flaw. 
The boundary l a y e r  b leed  doors are f r e e  t o  operate  i n d i v i d u a l l y  in response 
t o  s t a t i c  p re s su re  g rad ien t s  a c r o s s  the doors during ope ra t ion  a t  angles of 
a t t ack .  
and r e t a ined  f o r  t h e  YAV-8B is  used t o  prevent r e c i r c u l a t i o n  of boundary 
l a y e r  a i r  from a high p res su re  region LO a l c rw  p re s su re  region, which would 
cause sepa ra t ion  and increased in le t  p re s su re  d i s t o r t i o n .  F igure  2.6-ll 
i l l u s t r a t e s  conventional f l i g h t  operat ion.  
The boundary l a y e r  bleed doors 




The nonl inear  program that has been developed t o  s imulate  t h e  PAV-8B 
a i r c r a f t  i s  named TAV8B. 
motion p lus  a l a r g e  number of a i r c r a f t  performance parmeters. 
w r i t t e n  in F O R W  in a manner t o  make it easy t o  use.  
structure and data card input  format are described wi th in  t h i s  s e c t i o n .  
The program computes s i x  degree-uf -f reedom a i r c r a f t  
Program organizat ion,  
The program is  
3.1 PROGRAM STRUCTURE 
The YAV8B program is s t r u c t s e d  i n t o  two primary ca t egor i e s :  t h e  
execut ive r o u t i n e s  and t h e  a i r c r a f t  math model rou t ines .  
computations are performed a t  the same i t e r a t i o n  time. 
a i r c r a f t  mction as w e l l  as performance parameters. 
is a v a i l a b l e  t o  t h e  use r  w i th  r e spec t  t o  which parameters are t o  be  recorded. 
For s i m p l i c i t y ,  a l l  
The program computes 
A g r e a t  d e a l  of f l e x i b i l i t y  
Figure 3.1-1 diagrams t h e  s t r u c t u r e  of theYAV8B program. The execut ive 
(exec) r o u t i n e s  include ISOmCE, ISOMS, AC07, CARDS and RTPDATA. The I500NCE and 
150% r o u t i n e s  are top l e v e l  exec r o u t i n e s  f o r  the  program. The AC07 r o u t i n e  
i s  t h e  a i r c r a f t  math model exec. The URD5 r o u t i n e  r eads  t h e  inpu t  da t a  from 
t h e  E Z C U T E  card deck and t h e  RPTDATA r o u t i n e  is t h e  exec f o r  t h e  output data 
logic .  INITIAL ( f i r s t  pass  
i n i t i a l i z a t i o n ) ,  IRESET ( L O O  passes f o r  dynamic s t a b i l i z a t i o n ) ,  and CITRAn 
(real t i m e  computation). 
designated. The i t e r a t i o n  time (DT) is de fau l t ed  t o  50 mil l iseconds but  can be 
changed by t h e  user. 
The program computes in three d i f f e r e n t  modes: 
The run time f o r  each p a r t i c u l a r  case can be 
In i t ia l  condi t ion da ta ,  as w e l l  as t h e  i n s t r u c t i o n s  f o r  ista p r i n t o u t ,  
are i q u t  t o  t h e  program us- t h e  EXECUTE card deck. 
Inputs  t o  t h e  a i r c r a f '  c o n t r o l s ,  a i r c r a f t  motion, etc. can be  i n F J t  t o  the 
program wi th  t h e  I5W card deck. 
rou t ine .  Because t h e  15OS subrout ine is a top-level exec routine, t h i s  is 
a convenient l o c a t i o n  t o  math model a fo rc ing  funct ion.  
d e s c r i p t i o n  of u se r  procedures is provided in Sect ion 3.4, 
a l s o  provided in Sect ion 3.4. 
The EXECUTE card deck 
loads  t h e  appropr i a t e  sof tware f i l e s  and executes  the p==g==. x)paamic 
The 150MS deck modifies t h e  I53E5 sub- 
A more d e t a i l e d  
A sample case Fs 
The a i r c r a f t  math model flow diagram is shown in Figure 3.1-2. Each 
subrout ine in t h e  a i r c r a f t  math model is descr ibed in  Sect ion 3.3 along wi th  
top-level flow charts. 
:an be modified and changed 3 p . t h e  u s e r  i f  required.  
A l l  of t h e  subrout ines  f o r  t h e  a i r c r a f t  math model 
3.2 MATH MODEL EQUATIONS 
The YAV8B program computes a i r c r a f t  v e l o c i t i e s ,  a c c e l e r a t i o n s  and 
p o s i t i o n  a t  t h e  a i r c r a f t  c.g. The airframe is considered t o  be a r i g i d  body. 
The atmosphere d a t a  base is t h e  U.S. Stan6ard Atmosphere, 1962 - sea level t o  
100,000 f e e t .  
model equations comprising t h e  a i r c r a f t  s imulat ion model. 
The following paragraphs desc r ibe  soma of t h e  theory and math 
3.2.1 
t h e  YAV8B .'rogram t h a t  r e q u i r e  some discussion.  
techniques,  d i g i t a l  f i l t e r  techniques,  and d a t a  t a b l e  look-up methods. Each 
-- %'MERICAL METHODS - There are t h r e e  general  numeric methods used i n  
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o8thod will be addreseed b r i e f l y  in order  to f a m i l i a r i z e  the program user 
w l t h  the  techniques incorporated i n t o  YAV8B. 
3.2.1.1 In t eg ra t ion  Technique6 - There are four types of i n t e g r a t i o n  schemes 
used i n  t h e  s imulat ion program: Euler (rectangular), T u s t i n ,  Reddy Parabol ic  
and Adam t h i r d  order.  These methods fall i n t o  w o  genera l  classes. The 
f i r s t  class is t h e  pred ic tor  i n t eg ra t ion  scheme. In this class, t h e  most 
cu r ren t ly  available input  is v a l i d  f o r  t h e  beginning of t h e  i n t e g r a t i o n  inter- 
val  and t h e  ourput is "predicted" f o r  t he  end of t h e  internal. The second i s  
t h e  co r rec to r  i n t e g r a t i o n  scheme. 
ava i l ab le  a t  t h e  same time that t h e  output  is des i red .  The Adam t h i r d  order  
method is used pr imar i ly  in computations f o r  t h e  equat ions of motion. 
genera l  form of these  numerical i n t e g r a t i o n  methods are 8s follows: 
This scheme is ueed when the i n p u t  is 
The 
o Euler (Rectandar )  
* A t ,  At - Sample period Zero  Order P red ic to r  xn= X-1 + 'n-1 
f ( . 5  in + .5 in-1) * At Llnear Corrector  'n 'n-1 
o Adams Third Order 
+(-i 23 - -  4 i  + -  ) * At Third Order P red ic to r  'n= 'n-1 12 el 3 a-3 12 n-3 
o Keddy Parabollc 
+(L% + - %  2 -0' 1 ) * A t  Parabol ic  Corrector  
'n 'n-1 12 n 3 a-1 I.Z n-2 
3.2.1.2 
an acceptable  model of hydraulic ac tua to r s  in the cont ra1  system model and 
f o r  o the r  lead  and lag f i l t e r s  used in t h e  simulation model. 
used in the PAVSB program: Tustin's and Bcddy's. 
good for modeling d i g i t a l  f i l t e r s ,  as it has a s-le relatians 'nip between t h e  
Laplace transform and t h e  2 transform ope ra to r s  S and 2: 
Digital  F i l t e r i n g  Techniques - Digital filters are needed t o  obtain 
Two methods are 
The T u s t i n  rPethod is  q u i t e  
-(.- I A t  z - z ~ r a n ~ f o r m  operator s 2 (2 = 1) 
The equivalent  computer d i f f e rence  equat ion f o r  C / R  = 11s would be: 
A t  Ln = Cn-l + 2 [Rn + Rnal] Where Rn is t h e  present  vaiue of the input. 
Using t h e  same method, t h e  difference equat ion f o r  the f i r s t  order  f i l t e r ,  
C / R  = l/tS+l, can be derived as: 
This d i f f e rence  equation would give t h e  output sequence (C,) of a f i r s t  o rder  
lag from the input  sequence (h). Note t h a t  :he coe f f i c i en t  term involve only 
t he  ConstantsAt and t , a n d  s o  are only computed once a t  the beginning of a run. 
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For b e t t e r  accuracy and s t a b i l i t y ,  some f i l t e r s  wi th  short time cons tan t s  
are modeled using Reddy’s method. 
l i n e a r  input ,  the  output  a t  t h e  ena of each s t e p  is a cons t an t  times tkre 
output  a t  t h e  beginning of each s t e p  plus other  cons t an t s  times values  
of  t h e  input at t h e  beginning and erd of t h e  s t e p .  A f i r s t  o rde r  system 
response t o  a l inear  input can be represented by t h e  following r ecu r s ion  
formula: 
For a f i r s t  order t r a n s f e r  func t ion  and 
11 - A t / T  (e-At/T) + R [l - ( r / A t ) ( l  - e ‘n ‘n-1 n 
3.2.1.3 
program, TBLICP, f o r  even increments is simple and s t r a i g h t f o w a r d .  It 
Data Table Look-Up Techniques - The method used i n  t h e  t a b l e  look-up 
r e q u i r e s  t h e  program t o  compute an index and a r a t i o .  
t h e  p o s i t i o n  i n  t h e  t a b l e  of dependent v a r i a b l e s  such that t h e  corresponding 
value of t h e  independent v a r i a b l e  is  j u s t  below ( o r  equal  t o )  t h e  input  
v a r i a b l e .  
t h e  independent ;rarIable.  
v a r i a b l e  between these  two values .  
The index r e p r e s e n t s  
The input v a r i a b l e  is bound by this va lue  and t h e  next v a l u e  of 
The r a t i o  is t h e  percentage d i s t a n c e  of the  input  
For a single dimension t a b l e ,  t h e  lookup func t ion  performs as shown: 
R I  =( ( Inpu t  - low bound) (number of p o i n t s  - 1) / (high bound - low bound) 1 +1 
Index = i n t e g e r  p a r t  of R I  
Rat io  = f r a c t i o n a l  p a r t  of R I  
h c e  the  index and r a t i o  are found, it is only necessary t o  look up t h e  
corresponding dependent v a r i a b l e s  and l i n e a r l y  i n t e r p o l a t e :  
Output = Table (Index) + [ T a b l e ( I n d e x + l )  -Table  ( Index)]  x Ratio 
The lookup method f o r  a t a b l e  wi th  uneven breakpoints i s  similar, but 
each set of breakpoints must be checked t o  determine wLicb ones bracket  t h e  
input  value.  
Since t h e  va lues  of the independent v a r i a b l e  will cover t h e  allowable 
boundaries, t h e  t a b l e  lookup program does no t  e x t r a p o l a t e  o u t s i d e  t h e  
boundaries of t h e  t a b l e s .  
the  corresponding dependent v a r i a b l e  boundary va lue  is used i n  t h e  lcokup. 
Fina l ly ,  t o  save a d d i t i o n a l  time wi th  e i t h e r  method, t h e  index i n t o  the  t a b l e  
and t h e  r a t i o  between po in ta  is saved, so that i f  more than one t a b l e  uses 
t h e  same breakpoints,  t h e  index and r a t i o  need no t  be recomputed. 
I f  an independent v a r i a b l e  exceeds the boundary, 
3.2.2 
are described by a set of s i x  second-order d i f f e r e n t i a l  equat ions,  t h r e e  t o  
desc r ibe  the  t r a n s l a t i o n a l  degrees of freedom and t h r e e  t o  desc r ibe  the 
r o t a t i o n a l  degrees of Zteedom. 
the a i r c r a f t  s ta te  r e l a t i v e  t o  a f ixed  coordinate  reference frame. 
EQUATIONS OF MOTION - The parameters that determine t h e  a i rcraf t  motion 
Th i s  system of equat ions is used t o  desc r ibe  
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The e a r t h  I s  =deled as a s p h e r i c a l  surface,  r o t a t i n g  relative to  a f ixed  
i n e r t i a l  frame. 
acce le ra t ion  due to g r a v i t y  ($1 is assumed to be constant  and always a c t i n g  
perpendicular to t h e  ground. 
Rotation is about t h e  polar  axis with  no "wobble". The 
Four coordinate  r e fe rence  frames are used in descr ibing t h e  aircraft 
pos i t i on ,  v e l o c i t y  and acce le ra t ion :  
(1) I n e r t i a l  Axes 
(2) North-East-Down (NED), or  l o c a l  vert- 
(3) Body .Axes 
(4) S t a b i l i t y  Axes 
The inertial coordinate  frame is an orthogonal t r i a d  with its o r i g i n  a t  
T b  f i r s t  and second compop.nts ( o r  the  center of e a r t h  (see Figure 3.2-1) 
x and y axes) def ine  t h e  e q u a t o r i a l  plana d the z .ais i s  p o s i t i v e  toward 
t h e  North Pole. 
t h e  mission t o  pass through t h e  zero . l a t i t u d e  and l o q i t u d c  point .  
a x i s  passes through t h e  point of latitude= 0'. longi tude  = M O O .  
mission begins, the r o t a t i o n  of the e a r t h  w i l l  cause an e a r t h  fixed longi tude 
po in t  'io increase in lnertlai l w i t u d e  ( r e l a t i v e  t o  the "fixed in space" 
inertial  axes r e fe rence  frame). It is in this axis sysrem t h a t  accelerations 
and v e l o c i t i e s  axe i n t eg ra t ed  to ob ta in  aircraft posi t ion.  
The x axis oridmtatioll is I n i t U z e d  a t  the beginning of 
The y 
B f t e r  t h e  
FIGURE 3.2-1 




The h’ED frame is centered a t  the a i r c r a f t  c.g.  The x axis i s  d i r e c t e d  
toward t r u e  North, t h e  y axis is d i r e c t e d  toward t r u e  East, and the  z axis 
d i r ec t ed  down p e q e n d i c u l a r  to the  ground. Figure 3.2-2 i l l u s t r a t e s  this 
system. Aircraft t r a n s l a t i o n a l  v e l o c i t i e s  are transformed from i n e r t i a l  axis 
i n t o  t b i s  fracle f o r  the  a d d i t i o n  of wind an6 computation of ground speed and 
f l i g h t  pa th  angles .  The a i r c r a f t  Euler angSes ( p i t c h ,  r o l l ,  yaw) are defined 




RELATIONSHIP OF BODY TO NED AXES 
The equat ions of motion and t h e i r  computational arrangement are 
i l l u s t r a t e d  in Figures  3.2-3 and 3.2-4. 
The t r a n s l a t i o n a l  equat ions a r e  a summation of t h e  t o t a l  aerodvnamic, 
engine t h r u s t ,  and RCS f o r c e s  In  the body axis coord ina te  system. Newton‘s 
Second Law of Motion is appl ied t o  compute t h e  body axis a c c e l e r a t i o n s  and 
these  are transformed t3  the  i n e r t i a l  frame through a d i r e c t i o n  cosine 
matrix, as shown on Figure 3.2-3. The a c c e l e r a t i o n  due t o  g r a v i t y  is added 
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and the accelerat ion components a r e  integrated t o  produce inertial ve loc i ty  
and posit ion componeurs. 
introduction of wind components and to the body axes f o r  the computation of 
These are transformed back t o  t h e  NED axes f o r  the 
the body axis veloci ty  components ana t he  velocity vector  angles (a, 0, y ,  
The r o t a t i o n a l  equations of motion are derived bp smnming t he  moments 
t o  aerodynamics, engine thnast, and RCS e f f e z t s .  The body ax is  r o t a t i o n a l  
acceisrations are computed from these mormnts, t h e  a i r c r a f t  msents of 
inertia, and t he  cros' couplbg te-. The body rates are detemdnui  by 
in t eg ra t ing  the rotational accelerations. 
0 )  
due 
The a t t i t u d e  angles of t h e  simulated aircraft are calculated usiog the 
quatexnion method. The quaternion method uses four  parameters f o r  specifying 
the or i en ta t ion  of a coordinate system. The quaternion rates are calculated 
from the body axis angular rata and then integrated t o  update the quater- 
nions. 
from the quaternions, thereby defining t h e  aircraft orlentation with respect 
t o  the  f i r e d  frame. 
grator  d a f t  and t o  ensure that the coordinate system reaalas orthogonai. 
This correct ion f a c t o r  is based upoa the  csostraint that f o r  an orthogonal 
system, t h e  sum of the squares of the  quaternions must be unity. The quater- 
nion method o f f e r s  t h e  advantage of allowing an a l l - a t t i t u d e  o r i en ta t ion  that 
is f r e e  from d i scon t inu i t i e s .  
The eerth-to-body & transformation matrix is computed directly 
A correct ion f a c t o r  is applied t o  campensate f o r  inte- 
3.2.3 AERODYNAMIC EQUATIONS - TLe aerodynamic forces  and moments ac t ing  on 
the aircraft are f u l l y  d e s c r i b d  by algorithms f o r  three longitudiaal and 
three latual4irectlonal coefficients. 
coe f f i c i en t  of lift (CL) o r  n o w  force ($1, drag (C,) o r  axial force (C,), 
and pit- nmment (h). The lateraldirectional terms are t h e  c o e f f i c i e n t s  
of sine force,  ($1, railing -t (Ce), and yawlug mmatt (C,). 
3.2.3.1 Aerodynamic Reference Systems - The aerodynamic data base is divided 
into tu0 sepa ra t e  and d i s t i n c t  regions: law speed 04 5 0.3) and high speed 
(M f 0.5). The data f o r  the low speed region are derived in t h e  body aads 
systm. It 
has its migin at the aircraft's center of gravity. The ~t o x i s  io direczed 
t w s d  the nose of t h e  aircraft coincident with t h e  Fuselage Reference LFnt 
(Fat). The y axis is d r a c t e d  toward the right wing of t h e  aircraft (ortho- 
gonal t o  the x axis). 
t he  % - pg plane. 
Thr hagltodinal tern are the 
The aircraft body coordinate system is shown In F3-e 3.2-Sa. 
The z asis i s  dfrected dovnuatd, perpend;;ular to 
The da ta  for t he  high speed region are referenced t o  the s t a b i l i t y  asls 
frame. It has its 
or ig in  at t h e  point of reference of t h c  aerodynamic data. The x axls is 
formed a t  the project ion of t h e  body oxis on t h e  ve loc i ty  vector  ( ro t a t ed  
through the aircraft angle of a t t ack  a) .  The y axis 1s directed out t he  
r5.ghr wing of the a i r c r a f t  and is oriented perpendicular t o  the  aircraft 
p l a n e  of symmetry. The z axis i o  d i r ec t ed  downward, perpendic-ar t o  the 
s y  plane. 
Figure 3.2-5b illuscrates t h e  s t a b i l i t y  axis eystom. 
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For ground hover and low speed f l i g h t ,  another re ference  frame is 
used. 
axis re ference  frame. 
f o r  r l t i t u d e s  of approximately 7C f e e t  or Less. 
a t t i a d o  f o r  ground effects is as iollows: 
nis re5erence frame ?s a b l d d  between t h e  body axis and stability 
The ground e f f e c t s  a r e  inaoc'uced into t h e  simulation 
The longi tudina l  re ference  
r r = g * 5 + e *  5 f o r  0.05 c Veq < 0.10 
Where 5 - (Veq - .05>/20. and 5 = !i - %) 
f o r  Peq < 0.05, a '  = 8 and f o r  Veq 9.10, a' = 3 
The FORTRAP? name f o r  a '  is W .  
The parameter Veq is defined as t h e  square root of the ratio of t h e  f rees t ream 
dynamic pressure  t o  jet  dynamic pressure:  
E 
The l a t e r a l - d i r e c t i o n a l  reference angle  is deffaed as below: 
8'' = Tan-' (v'/u'> 
mare u r  = u/cos a end v' = v * cos # 
The FORTRAN mame for 6 '  is BETAP. 
3-12 
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is summarized f o r  t h e  low speed and h igh  speed da ta  i n  t h e  following equations.  
The FORTRAh: name of each component i s  a l s o  included in pa ren thes i s .  
Aerodynamic Algorithms - Each component of t h e  r e s p e c t i v e  c o e f f i c i e n t  
o Lot: Speed Aero (M s 0.3) - BDdv Axis System 
o Normal Force 
FN * [CN + AS -:- (AS + AS, ) + Ab 
6 6 FJI  
6H FL FR 
C 
+ (AC, + ) + c  * *GFAR + s6 * 6~~~ 




cN Baseline normal f o r c e  c o e f f i c i e n t  as a func t ion  of 
a, (CNBASE). 
Increment or  normal f o r c e  c o e f f i c i e n t  due t o  s t a b i l a t o r  
d e f l e c t i o n  as a function of aTAIL, 5' 'Jeq and a l t i t u d e ,  
(DCNSTAB) . 
Increment of normal f o r c e  c o e f f i c i e n t  due t o  left and 
r i g h t  f l a p  d e f l e c t i o n  as a func t ion  of a ,  0 and Veq, 
(-1. 
Increment of normal f o r c e  c o e f f i c i e n t  due t o  f l a p - j e t  
impingement as a func t ion  of 6 
Increnent  of normal f o r c e  c o e f f i c i e n t  due t o  l e f t  and 
r i g h t  a i l e r o n  d e f l e c t i o n  as a f u n c t b n  of a ,  (DCNAIL) . 
B J ,  a and Veq, (CNFJI). F' 
where GGW is t h e  normalized gear a 5 ' 3  6 GEAR' 
d e f l e c t i o n ,  (DCNGEAR). 
, where 6LII! is t h e  normalized LIDS d e f l e c t i o n ,  
(DCNLID) . 
Increment of normal f o r c e  due t o  ground e f f e c t s  as a 
func t ion  of a l t i t u d e ,  a ,  0~ and engine t h r u s t ,  (CNGE). 
aC,,,q, normal f o r c e  c o e f f i c i e n t  due t o  p i t c h  rate, CCNQ).  
normal f o r c e  coe f f iL ien t  due LO angle  of a t t a c k  a CN/aci  * 
r a t e ,  (CNALPD).  
'Tcrement of normal fo rce  c o e f f i c i e n t  due t o  power e f f e c t s  




o A x i a l  Force 
TA * IC + ac, + (SC + AC + AC 
Aa $n 
+ (AC + ACA 1 + c  * 6 - + C  
FL FR ,Cl 6E 
* 
. A6 6 
AL AR 
Where : 
- Baseline axial f o r c e  c o e f f i c i e n t  as a functicm of 
a, CcaaeSE). cA 0 
AC - Increment of rri.ll c o e f f i c i e n t  due t o  s t a b i l a t o r  
de f l ec t ion ,  (DCLLSTAE). 
- Incrament of axial c o e f f i c i e n t  due t o  left and r igh t  f l a p  
d e f l e c t i o n  as a func~ion  of a and Veq, (CAFLAP). ACAa 
ACAa 
*L, B 
AC - Increment of axial f o r c e  c o e f f i c i e n t  due t o  f l a p - j e t  
impingement as a funct ion of 6F, eJ, and a,  (CBFJI). 
- Increment of axial f o r c e  c o e f f i c i e n t  due t o  l e f t  aad 
r i g h t  aileron deflection as a ftmctlon of u, ‘DCAAIL). 
%SI 
%,a - 3C,/a6GE, w h e r e  6- i s  t h e  normalized gear aeflac- 
GEAR tion, ‘DCAGEAR). 
- 3CA/36,, w h e r e  6LID is the normalized LIDS d e f l e c t i o n ,  
- Increment of axial force due t o  ground e f f e c t s  as a 
(DCALID) . 
funct ion of a, 8 a l t i t u d e  and engine thrust, (CAGE). 
- Incraneat of axial f o r c e  c o e f f i c i e n t  due t o  pover e f f e c t s  








+ (ACm + ACm ) + Cm * 'GEAR + 'm * 6~~~ 




- + AC ] * ; j * S * Q  C * & ) *  - 
2vT %Ohm GE 
+ 'Cm * q + cm* 
a 9 
Where : 
- Basel ine  p i t ch ing  moment  c o e f f i c i e n t  as a func t ion  of 
a, mmAsE). m 
C 
0 
AC - Increment of p i t ch fag  momeat c o e f f i c i e n t  due t o  s t a b i l a t o r  
8 V e q  and a l t i t u d e ,  (DQIS' d e f l e c t i o n  as a func t ion  of aTflL, 
- Increment of p i t ch ing  m o m e n t  c o e f f i c i e n t  due t o  l e f t  and r i g h t  





bC - I n c r a e n t  of p l t c h n g  moment c o e f f i c i e n t  due t o  f l a p - j e t  
impingement as a func t ion  of d F t  9 a and Veq, (CMFJI). 
- I n c ~   en' c i  rjtching moment c o e f f i c i e n t  due t o  l e f t  and 




- acB/adGEAR where dGEAR is t h e  normalized gear  de f l ec -  'm 
'GEAR t ion, (DCMGEAR) . 
- /as where GLID is t h e  normalized LIDS de f l ec -  m LIDS C m 
'LID t i o n ,  (DCMLID) . 
- Increment of p i t c h i n g  m o m e n t  due t o  ground e f f e c t s  as 
a funct ion of a, eJ, a l t i t u d e  and engine t h r u s t ,  (CMGE). 
- aCm/aq, p i t ch ing  moment c o e f f i c i e n t  due t o  p i t c h  rate, (CMQ). 





AC - Increment of p i t ch ing  moment c o e f f i c i e n t  due t o  power 
%MER 
% .  
effects as a func t ion  of a ,  Veq and e (DOPOW). 
- Increment of p i t ch ing  m a n e n t  due LO f l a t  p l a t e  drag 
J' 
AC 
motion f o r  u < 50KTAS. Simulates aerodynamic damphg 




o Side Force 
+ A %  ) + C ,  * 5  +AS I * i  *s 
POWER SI:= 'cp 0 +'$Sa 6 R '6R 
%I 't 
+ A  + A  
=PEI 
Whare : 
- Baseline s i d e  fo rce  c o e f f i c i e n t .  For u > 50 KTAS 
defined as Cy * 0, s i d e  f o r c e  due t o  s i d e s l i p  angle  
as a funct ion of a ,  6,  and average f l a p  d e f l e c t i o n ,  
(CWasE). For u < 30 EAS, cp is 0. 
6 
0 
- Increment of side f o r c e  c o e f f i c i e n t  due t o  lef t  and 
6 r i g h t  aileron d e f l e c t i o n  as a func t ion  of a, (DCYAIL). 
%,a 
- a%/a6,, s i d e  force c o e f f i c i e n t  due t o  rudder r e f l e c t i o n ,  
- Increment of side f o r c e  c o e f f i c i e n t  due t o  power effects 
as a funct ion of Veq,a and 6 f o r  u ~ 5 0  KTAS, (CYPCIWEB). 
R (CPDR) cn c? 
'POWER 
- Incrememt of side f o r c e  due t o  ground effects as a 
function of a, altitude, engine th rus t ,  9 s  a d  B', (SFIG'E). 
ground proximity (h 
(8, B', u ,  QJ and engane t h r u s t ,  (YDSFTP). 
- Increment of side f o r c e  due t o  r o l l  a t t i t u d e  la 
70 ft.) as a funct ion of a l t i t u d e ,  Veq, 
OC - IPcremurt of s i d e  f o r c e  as a functbn of a, 0 , engine 
thnzs t ,  and Vag f o r  u < 30 R!W, (SFOGE). yOGE Fog u > 50 
RTAS, A$ is 0. 
OGE 
) + C, * b R  + AC + AC, 
I 
6P + U e d  aPOWER 
RM = [ C ,  + (AC, 
bR % 
0 
+ (C, * f + c, * p) * - b 1 * T *  s * b +  AcerRI 
2vT 
+ AC* 




5 - Baseline r o l l i n g  moment c o e f f i c i e n t .  For u > 50 KTAS C 
defined as CL 
angle as a fukc t ion  of a, 6 and average f l a p  d e f l e c t i o n ,  
(CLLSASE) . For u < 30 FCTAS, CQ is 0 .  










Increment of r o l l i n g  m o m a t  c o e f f i c i e n t  due t o  l e f t  and 
r i g h t  a i l e r o n  d e f l e c t i o n  as a func t ion  of a, (.DCLLAIL). 
a C E / a b R ,  r o l l i n g  mment c o e f f i c i e n t  due t o  rudder 
d r i l e c t i o n ,  ( O R ) .  
Increment of r o l l i n g  moment  c o e f f i c i e n t  due t o  power e f f e c t s  
as a func t ion  of Veq, a and 6 f o r  u > 50 KTAS, (CUPOWR?. 
Increment of r o l l i n g  moment  c o e f f i c i e n t  due t o  asymmetric 
f l a p s ,  (DCLLF) . 
Increment of r o l l i n g  moment c o e f f i c i e n t  due t o  f l a p - j e t  
impingement, (DCUFJI) . 
a C Q / a r ,  r o l l i n g  moment c o e f f i c i e n t  due t o  paw rate as a 
aCl l Iap ,  r o l l i n g  moment c o e f f i c i e n t  due LO r o l l  rate as a 
func t ion  of a, (Cup). 
function of a, (CUR). 
Increment of r o l l i n g  m o m e n t  due t o  ground e f f e c t s  as 
a func t ion  of a, a l t i t u d e ,  engine t h r u s t ,  Veq, eJ and 6', 
(RMIGE) . 
Increment of r o l l i n g  moment due t o  r o l l  a t t i t u d e  in 
ground proximity as a f u n c t b n  of a l t i t u d e ,  Veq, I$, B!, 
u, eJ and engine t h r u s t ,  (DRMPHI). 
Increment of r o l l i n g  moment due t o  f l a t  p l a t e  drag 
motion f o r  u < 50 KTAS. Slmulatee aerodynamic damphg 
i n  hover and low speeds, (TEKnt5). 
Increment of r o l l i n g  monent as a func t ion  of 6 ' , a ,  
Veq, e and enghe t h r u s t ,  (RMOGE). For u > SO KTAS, 
ACI1 Ja 0. 
OGE 
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o Y a w i n g  Moment 
1 + cn * ‘R + ‘‘30wER + ACn + ACn 
FJI 
+ ”% BR b R  6F 
n Y?l - [Cn + (AC 
b + AC + ACn + c 
0 
+ ( C n  * r + C n  * p ) *  - ] * c * S * b + A C  
r P 2vT m1 + CE n~~~ 
Where : 
C - Basalbe yawing moment c o e f f i c i e n t .  
defined as % * 8,  yawing MlmeOt due t o  s i d e s l i p  angle  
as a func t ion  of a, B and average f l o p  deflectLon, 
(CLNBASE). For u < 30 =AS, Cn is 0. 





- Increment of yawing moment coe f f i c i en t  due t o  l e f t  and 
r i g h t  aileron def l ec t ion  as a func t ion  of a, ( D C U U I L ) .  
L,R 
bA 
- aC / adR,  yawing moment  c o e f f i c i e n t  due to rudder cn n % def l ec t ion ,  (CWDR>. 
AC - Incramrat of pawing moment c o e f f i c i e n t  due t o  power 
%awEa affects as a func t ion  of Veq, a and 8 f o r  u > 50 =AS, (CLNFOl?R). 
- Increment of yawing moment Uoeff ic ient  due t o  asymmetric 
6 f l aps .  (DCtl9F). “n 
AC 
F - Increment of yawing wMant c o e f f i c i e n t  due t o  f l ap - j e t  
- aCnfa r ,  yawing moment coefficient due t o  y a w  rate as a 
%JI impingement, ( D C L N P j I ) .  
funct ion o f  ‘u, (-1. r 
cn 
C -n - a C  / , yawing moment c o e f f i c i e n t  due EO r o l l  rate as a z l  aP 
function of a, CCLNP). P 
-;Increment of yawipg m o m e n t  due t o  ground e f f e c t s  as a f u c t b n  
a l t i t u d e ,  esgine thrusc, Veq, BJ and B ’ ,  (YKIGE). 
%HI proximity ( a l i t i t u d e  70‘) as a funct ion of a l t , i tude,  
a9 
AC - Ihcranent of yaving momant due t o  r o l l  attitude in Szound 
Veq, 4,  E.’, u, 9J end engine  thrust, (DYMPBIj. 
Dm motioz f o r  u 50 w. - S m a t r s  a ~ r ~ d y n d c  damping 
- Increment of yawing mciamt as a func t ion  of a ’ ,  a ,  Veq, 
AC - XncreJPent of pawing moment due t o  Elat p l a t e  :rag 
in hover and low speeds, (T??Z@X6). 
8 and engine  thrsst, ( ‘ IMOGE). For u > 50 KTAS, 
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o High Speed Aero (M 2 0.5) - S t a b i l i t y  Axis System 
o L i f t  





5 6 6 







- Baseline l i f t  f o rce  c o e f f i c i e n t  as a func t ion  of a 
0 and M, CCLBASE). cL 
- Increment of l i f t  f o r c e  c o e f f i c i e n t  due t o  l e f t  and 
r i g h t  f l a p  d e f l e c t i o n  as a func t ion  of a and M, 
FL,R (DCLF’L and DCLFR) . 
- Increment of l i f t  f o r c e  c o e f f i c i e n t  due t o  l e f t  and  
r i g h t  a i l e r o n  d e i l e c t i o n  as a func t ion  of M, (DCLBL 
L,R and D U X ) .  &A. 
llCL 
AC - Increment of l i f t  f o r c e  c c e f f i c i e n t  t o  power e f f e c t s  
%oWER 
LSTAB 
as a fxnc t ion  of 8 a and Veq, (DCLPOW) . 
AC - Increment of l i f t  f o r c e  due t o  s t a b i l a t o r  d e f l e c t i o n .  
J’ 
as a func t ion  of a and M, (CLSTAB). 
o Drag 
+ ACD ) + ( ACD FD [CD + ( ACD 
0 6 6 STAB 
FL *R 
* bLID1 * p * s 
LID 
* I  bR /+  A C  + ‘D * &GEAR+ 




- Basel ine drag c o e f f i c i e n t  as a func t ion  of a ,  M and 
0 
cD 
- Increment of drag f o r c e  due c o e f f i c i e n t  due t o  lef t  and r i g h t  
DCDFR). f l a p  d e f l e c t i o n  as a func t ion  of a and I:, (DCDFL and 
L,R 
F 
ACD - Increment of drag f o r c e  c o e f f i c i e n t  due to  l e f t  and r i g h t  i a i l e r o n  d e f l e c t i o n  as a func t ion  of o and M ,  (DCDAL and DCDAR). k,R 
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- Incramant of drag fo rce  c o e f f i c i e n t  due t o  s t a b i l a t o r  
de f l ec t ion  as a funct ion of a and X, (CDSTAB). STAB 
cD 







- a C b / a 6 R ,  drag fo rce  c o e f f i c i e n t  due t o  rudder d e f l e c t i o n  
as a funct ion of a and M, (CDDR). 
- Increment of drag fo rce  c o e f f i c i e n t  due t o  pylons and 
gun pods, (HCDSTW . 
- ac / , where 6- is t h e  normalized gear daflec- D 36- 
t ion .  
, where 6LII) is the normalized LIDS d e f l e c t i o n .  a V a 6 L l s  
o Pi tching merit 




0 % 6 
FL FR 
* q + c  *;>*-  ’ + A C  + AC ] * i * S * Z  + A C  + ‘Cm 
2vT 9- % T ~ G  %TAB q Ti 
Where: 
- Busline pitching maneut  coefficient as a function of 
0 a a d  M, (MBBsE8). ‘m 
- IncteaPsnt of pi tching moment c o e f f i c i e n t  due t o  l e f t  a n d  
r i g h t  f l a p  d e f l e c t i o n  as a func t ion  of a and M, (DCMFL F, ,,R and DCMFBI. . 
- Increment of pi tching MnDtmt coe f f i c i en t  due t o  left and 
right aileron d e f l e c t i o n  as a funct ion of  a, (HCKDAL and 6 Acrn 
%,R H ( X M R ) .  
AC - Increment of p i t ch lag  moment c o e f f i c i e n t  due t o  stabilator 
%TAB d e f l e c t i o n  as a funct ion of a and M, (DCMST). 
- aCm/%, p i t ch ing  moment c o e f f i c i e n t  due t s  p i t c h  rate as m C 
Q a func t ion  of M, CCMQli). 
C - aCmla; ,  p i t ch ing  momant c o a f f i c i m  due to angle  of 
a t t a c k  rate as e. function of M, CCMALP3Q. 
AC - Increment o f  pitching moment c o e f f i c i e n t  due to  power 
$OWER 
ACmSTING 
e f f e c t s  as a funct ion of a ,  V s q  and eJ, C H W O W ) .  
i n t e r f e rence  c o n e  t i o a  t o  wind tunnel da ta ,  (CMSTING). 
- Increment of pi tching c o e f f i c i e n t  due t o  s t l a g  
3-20 
+ + * *,’I5 A &R 
SF=[% * B + 0% * 8 + (As 
L R 
0 0 6A 
I $ * s  b + C y  * r * -  
r 2vT 
Where : 
- acy’,p s i d e  f o r c e  c o e f f i c i e n t  due t o  s i d e s l i p  Angle os 
a funct ion of a and M, (HCYB). 
due t o  f l a p s  as a func t ion  of M, a % - Increment of 
and f l a p  d e f l e c t i o n ,  (BCYBF). 
r i g h t  a i l e r o n  d e f l e c t i o n  as a func t ion  of a, <HCPDAL 
- Increment of s i d e  f o r c e  c o e f f i c i e n t  due t o  l e f t  and 
6A L,R and BCYDAR). 
AcY 




as a func t ion  of M and a,  (HCYDR) . 
s i d e  f o r c e  c o e f f i c i e n t  due t o  yaw rate as a 
func t ion  of M, (HCYR) . 
o Rolling Moment  
* 6 + ACa * B + (ACa6 + AC ) + CQ *dR/15 
B B % b R  
R M =  [CQ 
AL A R  
b 
] * q * S * b + A C Q  
6 
F POWER 
+ CQ + (Ca * r + C Q  * p )  * -  r P 2vT 
Where : 
- ac,/,B. r o l l i n g  moment c o e f f i c i e n t  due to s i d e s l i p  
angle  as a func t ion  of M and a .  (HCUB) , 
- Increment of CQ due t o  f l a p s  as a func t ion  of M, a 
6 
B and f l a p  d e f l e c t i o n ,  (BCLLBF). 
AC - Increment of r o l l i n g  moment c o e f f i c i e n t  due t o  l e f t  
‘6 and r i g h t  a i l e r o n  d e f l e c t i o n  as a functLcn of a 
and M, (HCLDAR and HCLDAL). %,R 
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c, - "~~'aa; r o l l i n g  momenc coef f ic ient  dile t o  rudder 
deflect ion as  a hnctior. of  o and M, (ECIILDR). 6R 
- aC,/,, ,  r o l l i u g  moment coeff ic ient  due t o  paw rate as  
- aC,/,p, r o l l i n g  moment coeff ic ient  due t c  roll rate as 
a function of M and a,  (HCLP). 
- Increment of r o l l i n g  moment due t o  asymmetric flaps, 
(BDCLLF) . 





AC - Increment of ro l l ing  moment coef f ic ient  due to power 
'PCIWER effects, (HCLLBF * B-. 
o Yawfnp; Momant . 
* r + c n  * p ) * - ] * c * S * b d 9 C  b 
F r P 2vT % 
+ (Cn 
Where: 
- aCnIaB, yawing momart coef f ic ieet  due to s i d e s l i p  a3gJ.a 
- Increment of yawing moment c 0 e f f i c i e . t  due to aileron 
as a functien of M and u, CCNEI. 
deflect ion as a function of M and a,  (CNDAR and Crmat). 
0 'n 
A 'n 6 
%,R 
, yawing momat coef f ic ient  due to rudder deflect ion 'n 
of M and a ,  (CNDR). 
, yawing moment Pwefficient due to yaw rate as a - 
function of M and ca, (=I. t 
'n 
c* - ?Cnn/ap, pawing moment coefflcfent due to r o l l  rate as a 
P function of 3 and M, (CNP). 





3 . 2 . 3 . 3  Center of Gravity Ef fec t s  - The c f f e c t s  of c e n t e r  of g rav i ty  afs- 
placement are included in t h e  mrnent equat ions.  
a r e  referenced t o  a poin t  on t h e  a i r c r a f t  a t  Fuselage Sta t ion  3 4 6 . & ,  ijater- 
l i n e  c'.ciion 9 6 . 0  and coinciding with t h e  X.3xis of t h e  a i r c r a f t .  Incremental  
d i s rences  from the reference  pc in t  t o  the center of g rav i ty  are computed and 
csed in t h e  following equat ions:  
Al; of  t h e  forces 
0 Pi tching Moment 
PM = PM - FK * ( 3 4 6 . 6  - C k ) / ( 1 2 )  + FA * (CG, - 9€.) / ' (12)  .qL 
o Rolling M o m e n t  
R?! = RM - SF * ( C k  - 96.)/(12) i FN * CGBL."'-2) 
0 jiawinaMament 
YM YM + SF * (CGFs - 346.6)/(12) + FA * C%L!(l-2) 
3.2.3.4 
aye derived in the body axis system f o r  use  in t h e  equat ions  J f  nxrm. 
following equat ions transform the high speed ae ro  f o r c e s  and mcn=nats f r m  the 
s t a b i l i t y  t o  body axis systen. 
Reference Axes Trvlsformatioas  - The asodynaxuic force and mcrlnents 
The 
3 L-Eody Force (Pos i t i ve  down) 
F t -7 * COSa - -DRAG 7 * SINc 5 LIFT 
o X-Bory Force (Pos i t i ve  forward) 
* COSa + FLim * SINa 's -FDFUG 
o X-Sody kolling Moment (Pos i t i ve  r igh-  wing dobn) 
Ry, =Xi * COSa - TMsTAB * SLNa STAB 3 
c Z-Body Yawiag M ~ ) m e n t  (Pos i t l ve  nose right) 
3.2 4 ENGINE AND REALTION CONTWL S Y m  POLS AND E Q W 3 Y S  - A l l  
,mgi-e and RCS ferces and mments ere resolved In the DO@ ads system 
(Figure 3.2-5) for use in +he equation8 of motion. 
uumests lrtalude iniet momentum effects and ecrub aad bouldary layer drag 
incrw-nts. 
The engine forces and 
3.2.4.1 Ei!pj.ne 1kr-t & o a t =  - Figure 3.2-6 shows the relative geometry of 
the e f f c t i v e  thn-st center  with respect to the moment reference center used 
for thz asz.odyr,smSc &&a. 
t h rus r  icrces and m t s  soout  the i'rcraft C.b, 
The fcdlorJing equations d e f i n e  tbe rssulting e n g i n e  









-A - ERG= 
\ I  e NOZZLE POSITION r -  
J 
o Y-Body Force ( P m l t i v e  out right w l w )  
5 - 0. 
B 
o 2-Body Force (Positive Gown) 
IT, -T,- * SIN ( 0 ,  + 1.5,) 
0 Rol l ing  Momsat 





TC i s  t h e  t o t a l  t h r u s t  vec tor .  
TCFS is  t h e  t h r u s t  center fuse l age  station 'oca t ion .  
TCWL is t h e  thrust center waterline s t a t i o n  loca t ion .  
3.2.4.2 Barn Drag and I n l e t  E f fec t s  - Incremental  fo rces  and moments at  t h e  
inlet  are derived from ram drag fo rces  as a f r m c d o n  of inlet flow ang le  and 
from air mass flow as a func t ion  of aircraft bcdy rates. 
equat ions sli-nanarize t h e s e  inlet con t r ibu t ions  at t h e  aircraft c.g. 
app l i ca t ion  po in t  on t h e  i n l e t  is def ined  as F.S. 220.63, W.L. 90.77 and P.L. 27. 
The fol lowing 
The f o r c e  
9 * u  




P i t c h i n g  Moment 
=  am h a g  * COSB * Sma + @  * q * s 
zB g 
Rol l ing  Moment 
RMI = Ram Drag * ((SIN6 * AZ) - (COS6 * SIN0 * C G B L / U . ) )  
i 2 2 i  
g 8 
- - *  p * (A2 + AY) + - *  r * AX AY 
Where : 
* V - l b f  i Ram Drag = - 
g T  
AX * (PGFS - 220.63)/12. - ft. 
AY E (27. - CGBL)/12. - f t .  
A2 (Cm - 90.77)/12. " f t .  
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3.2.6.3 
obawn b Figure 3.2-7.  
rcquires arc,ountisq fot the off-aris orientation of the pitch and r o l l  valves. 
The follou~ng equsti0r.z are used to derive the RCS forces and merits in the 
body axis system a t  the aircraft c.8.:  
RCS Thrust Geometrp - The relative geometry of the PAV-83 RCS is 





NOTE: Subscripts defined in Figure 3.2-7. 
Z-Body Force 
* COS (7.63') + * COS (8') 7.l = mFPv zacs 
+ Rm * (COS (7.63') * ( Y.37*48 12. - + SIN (7.63") * ( CGKI.- ~. 70.36)) 
%AJD + FTRVWR ) LT ) * (SIN ( 5 ' )  * cos ( 7 O j  * (=;2- ems) 
177.8L - CGBL)) cos (5'1 * SIN (7") * ( 12, 




- Fuselage Datum m\- - c 
/-------- 
I\ 







Y A W 8  SEACTION CONTROL GEOMETRY 
All dimensions in inches 
FS - Fuselage station 
WL- Waterilne 




(SIN (5") * cos (7O) * ( - 12. - 83.89) + cos ( 5 " )  * cos (7') 
-3) - (FTm * COS (7.63O) + FTm * COS ( 8 O ) )  * * (177.84 - 12. 
3.2.5 WEIGHT ANL, BALANCE EQTJATION~ - The t o a d  weight of t h e  aircraft is 
computed by summing aircraft dry w i g h t  (including the p l l o t ) ,  fuel veight ,  
and water weight. 
constantly changing due t o  fuel transfer and water usage, the c e n t e r  of 
wei8bc moment f o r  eoch f a c t o r  is computed in  all three body axes. 
the moments of inertia ad. the c ross  product of lncttia, I&, are computed as 
a func t ion  of these fac to r s .  
Because the welght 6isttibutioa in the aircraft is 
IC add i t ion  
The body axis coordinates  of the cen te r  of gravity of each fuel tank snd 
the water tank are stored in t h e  subrout ine,  vTBAL07, data t a b l e s  as a 
func t ion  of f u e l  arid water remahlng. 
aircraft about the alrcraft rderence po in t  in each axis is stored as yell. 
P i t h  t h e  relative a i r c r a f t  geemetry determined, t h e  body sxis coordiaatts 
of the cau te r  of gravfty are c q u t e d :  
The weight moment of the d r y  weight 
Similarly the y and t component of the center of g rav i ty  can be determined. 
The x ?omportent is referenced back t o  t he  wing leading edge and expressed as 
a p e r c a  of mean aerodynamic cbrd. 
CCPC * (X, - 336.3)/(99.792)) * 100 
The moments of i n e r t i a  snd product of inertia are computed in a similar 




These inertias are used along with the  a l r c r a f t  mass t o  determine the 
a i r c r a f t  mass matr ix  which is used in :he equat ions of motion. 
3.3 AIRCRAFT SUBROUTINES 
The YAV8B Program includes 6 sub rou t ines  which comprise t h e  neces 
The subrou t ines  are t h e  weights 
ry 
l o g i c  f o r  math modeling t h e  PAV-8B a i r c r a f t .  
and balance r o u t i n e  (WTBAL07), t h e  primary f l i & t  c o n t r o l s  r o u t i n e  (PFC07), 
t h e  r e a c t i o n  c o n t r o l  system r o u t i n e  (RCSO7), t h e  engine r o u t i n e  (ENGO8), 
the  secondary f l i g h t  c o n t r o l  r o u t i n e  (SFCO7) and t h e  aerodynamics r o u t i n e  
(AERaY8B). The s e q u e n t i a l  o rde r  of execution i s  shown i n  Figure 3.1-2. 
A b r i e f  d e s c r i p t i o n  of t h e  i n p u t s  F 3 outputs  of each subrou t ine  as 
w e l l  as top-level flow diagrams are pro' ded t o  f a m i l i a r i z e  t h e  program user 
wi th  t h e  purpose of each subrout ine.  A mre c-lete d e s c r i p t i o n  of necessary  
program m p u t  and output trariabl-es is given i n  t h e  user's guide,  Sect ion 3.4. 
The flow diagrams are s i m p l i f i e d  in orde r  t o  a i d  t h e  program user t o  i n t e r p r e t  
t h e  program l i s t i n g s .  
the  flow diagrams can be  u s e f u l  i f  i t  t ecomes necessary t o  modify o r  change 
e x i s t i n g  log ic .  
f o r  the aerodynamic algorithms, t h e  engine and RCS f o r c e  aad moment calcula- 
tl,or.s, and t h e  weights and balance breakdown is given i n  Sect ion 3.2. 
Although t h e  1is:Ings con ta in  many u s e f u l  comments, 
more d e t a i l e d  d e s c r i p t i o n  of t h e  math model equat ions 
3.3.1 WTBAL07 SUBROLTINE - The WTBAL07 Subroutine (weights and balance) 
computes cu r ren t  values  of t h e  moments of inertia, c e n t e r  of g r a v i t y  l o c a t i o n ,  
wzight and mass of t h e  YAV-8B. This sub rou t ine  i n t e r f a c e s  w i t h  t h e  engine 
subroutine (L'G08) which dctermines t h e  remaining mternal f u e l  and water. 
The WTBATiO7 3 u b r o u ~ i n e  is  not designed t o  inc lude  s t o r e s  conf igu ra t ions  
although i t  could be  modified t o  simulate external s t o r e s  cn t h e  a i r c r a f r .  
The t o t a l  weight of t h e  hircraft is computed by' summing aircraft dry 
weight, i u e l w e i g h t  and water weight. 
body axis and ihe  cross  product of inertia, Im, are contf iuously compated 
as a funct ion of the  r m a l n i n g  f u e l  and water. 
1oce:ion i s  determined by computing t h e  weight moment of each f a c t o r  (dry 
wel$.*::  of a i r c r a f t ,  f u k l  weight and water weight) along t h e  r e s p e c t i v e  body 
ax is  and d iv id ing  by t h e  gross weight. A selective b i a s  i n  t h e  weight 
moment f o r  each axis is included i f  i t  is  necessary t o  s i u u l a t e  a c.g. offsei. 
? h i s  nomen: b i a s  a l s o  w i l l  alter t h e  r e s p e c t i v e  m o m e n t  of I n e r t i a .  
The momenzs of iner t ia  about each 
The cen te r  of g r a v i t y  
?he inpu t s  t o  t h i s  E ~ " - T  - - :uel, weight,  water weight,  and gear 
and LIDS pos i t i ons .  The ' L' - ,ocation, i n e r t i a s ,  gross 
weight and mass. The c -.a'. 4 .  the  body a x i s  system. Figure 
3.3-1 d e p i c t s  t h e  10s~- .I: i * '-:-;routhe . 
FIGURE 3.3-1 




3.3.2 PFC07 SLTBROLTINE - Tne YAV-8B primary f l i g h t  con t ro i  system c o n s i s t s  
of conventional a i l e r o n s ,  -,dder, and s t a b i l a t o r ,  with a Reaction Control 
S y s t m  (RCS) whxb  act= about a l l  three axes dur ing  hover and t r a n s i t i o n .  
Longitudinal con t ro l  of t h e  TAV-8B is  maintained by a combination of  s t a b i l -  
a t o r  and r e a c t i o n  con t ro l s .  Likewise, conventional a i l e r o n s ,  in combinat ion 
with r e a c t i o n  c o n t r o l s ,  provide lateral  c o n t r o l .  Both l o n g i t u d i n a l  and 
lateral  c o n t r o l s  ope ra t e  d i r e c t l y  through mechanical l inkage  t o  t h e  c o n t r o l  
s t i c k .  
r eac t ion  c o n t r o l s  as a func t ion  of d Z e r  pedal positLon. 
a i l e r o n s  can be tIimmed by e lec t ro-mechanica l ly  moving t h e  c o n t r o l  s t i c k .  
l imi t ed  a u t h o r i t y  S t a b i l i t y  Augmentation Spstan (SAS) provides  rate s t a b i l -  
i za t ion .  
The d i r e c t i o n a l  c o n t r o l  system is a combination of rudder and 
The s t a b i l a t o r  and 
A 
The PFC07 subrout ine  computes t h e  c o n t r o l  s u r f a c e  def lecLions  and t h e  
RCS area openings. 
t r a n s f e r  func t ions .  
s imulat ion of t h e s e  a c t u a t o r s  is based o i  equations derived from a pre- 
d i c t i v e  method known as t h e  "Reddy" metnod, (see Sec t ion  3 -2.1.2). The 
math model i nc ludes  rudder  hinge moment l i m i t s  app l i ed  t o  t h e  t o t a l  rudder  
travel. 
The c o n t r o l  a c t u a t o r s  are represented  by f i r s t  o r d e r  
The closed loop  technique used f o r  real t ime d i g i t a l  
A s impl i f i ed  f o v  i i agram c f  t h e  PFC37 subrout ine  i s  shown in Figure 
3.3-2 .  Typical i npu t s  inc lude  percent  s t i c k  and rudder  pedal ,  body rates, 
dynamic pressure  and lateral acce le ra t ion .  
su r f ace  d e f l e c t i o n s  and RCS valve area openings. 
Outputs from t h e  subrout ine  are 
3 . 3 . 3  
hover and t t a n s i t i a n  between f u l l  oingborne f l i g h t  and f u l l y  j et-borne 
f l i g h t .  The system is  f u i l y  a c t i v a t e d  when t h e  nozz les  are r o t a t e d  below 
15 degrees .  
a i r c r a f t  extremities and e jec t ed  through v a r i a b l e  s h t t e r  valves connected 
t o  tne aerodynamic su r faces  ( s t a b i l a t o r ,  rudder ,  e t c . ) .  
RCSO7 SUBROUTINE - The Reaction Control System (RCS) i s  used dur ing  
It uses high p res su re  compressor bleed a i r ,  which is  fed t o  t h e  
The RCSO7 subrout ine  computes t h e  RCS p res su re  dynamics and mass f l o r j  
characteristics. The RCS model i n  t h i s  subrout ine  is based on modified 
Rolls-Royce engine d a t a  and MCAIR determined a i r c r a f t  i n s t a l l a t i o n  l o s s e s .  
Included i n  t h e  model i s  t h e  RCS geometry f o r  computing t h e  resulting f o r c e s  
and moments in t h e  body axis system ( s e e  Sec t ion  3.2.4).  
The inpu t s  t o  t h e  subrout ine  are t h e  valve areas (ca l cu lh -ed  in  t h e  PFCO'I 
subrcut ine)  , compressor d ischarge  temperature  and p res su re  and nozz le  def lec-  
t i o n .  Other i npu t s  inc lude  aircraft c .g .  l o c a t i o n  and ambient p re s su re  and 
temperature.  The ou tpu t s  are t h e  t o t a l  mass f low rate, t h e  ind iv idua l  va lve  
t h r u s t  va lues  and t h e  r e s u l t i n g  f o r c e s  and moments. The f o r c e s  anc! m o m e n t s  
a r e  added to  t h e  engine produced f o r c e s  and moments in t h e  ENGO8 subrout ine .  
The f o r c e s  and moments &re i n  t h e  body a x i s  system. F;gure 3.3-3 shows t h e  
l o g i c  i l o w  used i n  t h e  RCSO7 subrout ine.  
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3 . 3 . L  
mance. The program data is based on Rolls-Royce engine da t a  ana MCAIR a i rc raf t  
ENGO6 SUBROETIhT - The ENGO6 subrout ine computes YAV-8B engine perfor- 
h s t a l l a t i o n  losses f o r  an "average" YF402-RR-401, &Bine. 
was obtained using a bl ls-Royce steady state engine performance computer 
program. Installation losses i n d n d e  inlet t o t a l  p re s su re  recovery, Inlet 
drag, boundary layer bleed drag, compressor bleed ( fo r  a i r c r a f t  services and 
tho reaction control system) and mechanical p o w e r  =traction. 
is co r rec t ea  f o r  atmosphere changes from standard day. 
Engine performance 
Engine  performance 
To give a r ep resen ta t ive  engine, t h n s t ,  fuel flow, EGT, P3, and fan Rl% 
are assembled in data t a b l e s  as func t ions  of commanded t h r o t t l e  angle ,  air- 
craft Mach number, commanded nozzle angle and altitude. The steady state 
values  are r e t r i e v e d  ftam t h e  t a b l e s  BP" modified f o r  t h e  type of day, water 
and bleed co r rec t ions .  The results are used t o  compute: 
o Engine fo rces  and mments ( including the RCS values compured in RCSO7) 
o Reection c o n t r o l  system bleed 
o Fuel dep le t ion  
o Water dep le t ion  
Engine transients fn RPM and EGT are modeled using f i r s t  o rde r  tin 
constants that vary wi th  f l i g h t  condition. 
pressure limiter, EGT limiter and RPM l i m i t e r  are also modeled. These are 
func t iona l  t o  limit fan  speed and compressor discharge p res su re .  
of t h e  limiters ove r r ide  causes all lfmiters except the compressor d i scha rge  
pressure limiter t o  be bypassed. 
T i e  engine compressor discharge 
SeLection 
There are a r e l a t i v e l y  large number of Inputs t c  t h e  EhGO8 subrout ine.  
Some of the more imponant Inpute are percent thlotde, a l t i t u d e ,  atmosphere 
parameters, airspeed, c .0 .  l o c a t b n ,  initial fuel and water quan:Ffles, 
percent nozzle lever p o s i t i o n  and RCS fortes and moments. Outputs include 
t h e  total engine + RCS fo rces  and moments in the body axis system, various 
q i n r  performance parameters (RPM, EGT, etc.), nozzle  p o s i t i o n  and r e m a i n k s  
f u e l  and water quantities. A simplified flow diagram of the ENG@8 routirre :.s 
shown in Figure 3.3-4. 
3.3.5 
f l a p s  and drooped a i l e rons .  The f l a y  are operated by an electro-hyoreui ic  
SFCO7 SUBROUTINE - The YAV-8B second- f l l g h t  c o n t r o l  system indud=  
system cons i s t ing  of an electronic f l a p  c o n t r o l l e r  a d  two dual  tandem 
ac tua to r s .  Flap p o s i t i o u h g  is provided by t h e  f l a ?  c o n t r o l l e r  b accorG-:; 
d t h  twitch (mode) selection. There are wo f l a p  modes: up and d a m .  >e up 
mode provides either a constant 0 degree f l a p  d e f l t c t i a t  o r  t h e  capabilic;  t o  
mc=a&lly "beep" the flaps t o  a&y pos i t i on  from 0 eo 25 aegyees. The dam 
mode schedules f l a p  d e f l e c t i o n  as a funct ion of nozzle pos i t i on  and airs le- , .  
In  addi t ion t h e  down mode switch also activams t t a  Lle rcn  droop system, 
extending t h e  a i l e r o n s  t o  U degrees whenever t h e  nozzles are 16  degrees o r  
greater and t h e  a i r speed  is less than 165 K X  (with a 210 KIAS hYsterasisj 
Other secondary f l i g h t  c o n t r o l  systems modeled in t h e  SFCO7 subroutine. 
include gear and LIDS deployment. Figure 3.3-5 o u t l i n e s  t h e  SFCC7 subrout ine.  
-411 extension and r e t r a c t i o n  rates, t i m e  delays 
The Inputs t G  t h e  subrout ine icclxde ?ozzle p o s i t i o n ,  
surface lcad e f f e c t s  and 
essert-ial l O P i C  c h a r a c t e r i s t i c s  relating t o  the YAV-8B saccndary flight c o n t r o l  
systems 2.-P simulat td .  
f l a p  mode select icm,  gear seleccion,  LIDS s e l e c t i o n  sw:fcn, :;eight-on-Wheels 
(WOW switch and a i rspeed.  Outputs are  flap position, '.;CL and gear pos i t i ons  
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3 . 3 . 6  AERBYBB STJBROUT'LNE - The AZRBYSB Subroutine computes all of t h e  aero- 
dynamic forces  and moments a c t i n g  on the  saaula ted  YAV-8B aircraft. These are 
computed through t he  use of s t a b i l i t y  and performance Charac te r i s t i c s .  The 
characteristics are s tored  in da ta  t a b l e s  and accessed through t a b i e  loob-up 
rout ines .  When combined w i t h  t h e  aerodynamic re ference  dimensions of t h e  
YAV-8B (e.g., wing area, mean aerodynamic chord, a ~ d  *zing span) and t h e  
con t ro l  --face pos i t i ons ,  these c o e f f i c i e n t s  are used t o  c a l c u l a t e  t o t a l  
forces  and ;aaments in t h e  body axis systapo. The aerodpnsmic equat ions f o r  
c0mp:cing the  t o t a l  coefficients are  given in Sect ion 3.2.3. 
d a t a  cmer t3e f u l l  range of aircraft performance, from hover t o  Wingbornc 
f l i g h t .  Tbe aerodynamic forces  and moments are primarily func t ions  of air- 
craft a t t i t u d e ,  Mach number, power s e t t i n g  (with n m z l e s  down) and con t ro l  
su r f ace  pos t t ion .  The base l ine  c o e f f l d e n t s  represent  t h e  a i r c r a f t  wi th  fLve 
ba re  pylons and t h e  gun pads and LIDS onboard. Increments due t o  gear and 
LIDS extension, f l a p  de f l ec t ion  and power e f f e c t s  are included. Ground 
e f f e c t r  f c r  altitudes from 0 t o  approximately 70 f t .  are a lso  included in t h e  
data base.  
The oerodyrmdc 
The ground e f f e c t s  data indude LIDS contr ibuzioas .  
The AER@Y8B subrout ine  i s  divided i n t o  N o  dist inct  sections. The first 
s e c t i o n  i s  t h e  low speed (M 5 0 . 3 )  region which inc ludes  ground effects. The 
aerodynamic data f o r  this section are referenced in t h e  body axis system. 
second sec t ion  i s  t h e  high speed (ML 0.5) region.  The da ta  here  are 
referenced in t h e  s t a b i l i t y  axis system. For Mach numbers between 0.3 and 
0.5, table lookups are done in both sections and a mear in 'arpolation is 
done t o  compute the re spec t ive  t o t a l  coe f f i c i en t .  
forces and moments are d e r i  d in the  budy axAs system. 
The 
The t o t a l  aerodynamic 
The hover (u < 30 KTAS) and low sped r e g h a s  f o r  t h e  YAV-88 r e q u i r e  
special considerstion vben detarmhiag a e r o d v i c  f o r c e s  aud momants (set 
Sect ion 3.2.3.11. 
f o r  aircraft angles  of a t t a c k  betvaen + 180 Jegrees .  
d e f i n i t i o n  f o r  t h e  l o w  speed t a b l e  l 0 0 L p s  3.5 a , i d  of body ais p i t c h  
a t t i t u d e  and t r u e  ang le  of a t t ack .  Likewise ,  in t h e  lateraldirectional 
axjs t h e  technique f o r  detrrmining aerodynamic f o r c e s  and moments in hover 
d i f f e r s  from wingborne f l i g h t .  For the  aerodynamic t a b l e  look-ups in h e r  
(u < 30 KZAS), the s i d e s l i p  angle  d e f i n i t i o n  is a unique v a r i a b l e  th-t is a 
func t ion  of sxia'. ve loc i ty ,  roll a t t i t u d e  ani p i t c h  attitude. 
the convantion& definition of 6 l s  used. For u from 30 t o  50 XTAS a blend 
of t h e  c m  d e f i n i t i o n s  is used. 
The l o w  speed baseline aerodynamic coeff  i c i a n t s  are input 
The angle of a t t a c k  
For u > 50 KTAS, 
Power e f feczs  02: the aerodynamic fo rces  and m~rna~ts are  input  as b c r t  
ha: o f  zha parmeters f o r  determiaing the power Gfects is t h e  m e a t a l  data. 
This represent*  t h Q  square rom of the r a t i o  of f rees t reem dynamic pressure  
t o  t h e  averalte Ititzie exit dynamic pressure.  
equivalent v e l o c i t y  ratio ( V e d a  T h i s  varF  l e  is defined as Jl3.0 * Thru st. 
Scme of t h &  more s i g n i f i c a n t  inputs  t o  t h e  AER8Y8B subrout ine are the  
c a n t r f > l  surfa:e deflectloas, angle of attack, s i d e s l i p  angle ,  gear  and LIDS 
pos i t i ons ,  body a t t i t u d e s  and rates, Mach number, velocity components in t h e  
body a d s ,  dynamic pressure ,  t h r u s t ,  nozzle p o e l d o n  and f l a p  pos i t ion .  
Outputs include the t o t a l  aerodpcomic forces  and moments in t h e  body axis 
system and a l a r g e  number of incremental  aerodynamic c o e f f i c i e n t s .  



















3 . 4  
t h e  
PROGRAM YAV8B ESER'S GUIDE 
Execution oi pragram YAV8B i s  I n i t i a t e d  by reading t h e  EXECUTE deck i n 1 0  
computer. For most d i g i t a l  s imulat ion runs, t h e  EXECUTE, ISOMS, and 
RT'Pn . - ' -  card decks w i l l  contain t h e  input  variables required, dependfng on t h e  
c. b. ' 1%: a des i red  run. Each of these  de-& is descr ibed in t h i s  section, 
are tl. -able look-up subrout ine,  program d e f a u l t s  and over r ides ,  a r r ay  
. , r . ~ t u r a ~  ad subrout ine modif icat ion capab i l i t y .  
3 .O .1 VARIABLE ARRAY STRUCTUE - There are two primary a r r a y s  in t h e  YAV8B 
prog .xL  f o r  cqu iva lendng  program va r i ab le s .  
array (FARRAY) and the  A array. The F a r r ay  is dimersioned as F (3000) 
whereas t h e  A array I s  dimensioned 6s A (1000). The first 1000 loca t ions  of 
the F a r r ay  are general ly  resemed f o r  non-aircraf t  dependent va r i ab le s  such 
as program directives. The f i r s t  l oca t ion  of t h e  A ar ray  i o  aqulvalanced t o  
F (1001). Thus, A (100) i e  equivalent t o  F ( U O O ) ,  etc. T'!&i array is gener- 
a l l y  used f o r  a i rcraf t  dependent parameters suck as aarodpnamic c o e f f i c i e n t s ,  
engine parameters, etc. 
These two arrays are the F 
Throughout t h e  following di9cusslon, the  user w a l l  be r e f e r r e d  t o  
variables assigned t o  t h e  F o r  A ar rays .  Program va r i ab le s  are equivalenced 
t o  F o r  A avray loca t ions  for ease in ass ign ing  t h e  va r i ab le s  c m  s to rage  
loca t ions .  
def in ing  the  v a r i a b l e s  required f o r  input  o r  outpur. A l i s t i ng  of rhe F and 
A array equivalenced variables is  given in  Appendix B of Volume If. 
locations t h a t  have no assignment ere a v a i l a b l e  afis spares .  
Each subrout ine of t he  program contains equivalence statemenrs 
The a r r a y  
3.4.2 
f o r  program i n i t i a l i z a t i o n ,  executes program YAV8B, and ~ x ~ c u t c %  t he  p-ogram 
SPRINT t o  output t he  des i r ed  parameters f o r  a simulat ion tun. F i y l e  3 . 4 4  
cutlines t h e  EXECUTE deck card sequence. 
EXECVTE D E g  - The EXECUTE deck loads f i les ,  reads d a t a  cards necessary 
3.4.2.1 Load and Execute Card Scramrice The load and executm card sequence 
f o r  t h e  EXECUTE deck is shown in Figure 3 . 4 4 .  The ax=sutive f i r s t  g e t s  t h e  
needed compiled f i l e s ,  described below: 















MAIB PROGRAM; MUST BE LOADED FIRST 
T p i M C  SUBROUTINE 
CONTAINS SUBBDtTTfNES AEBDDAT AND AEUY8B 
CONTAINS SWRO~INES YENGD AND ENGO8 
CONTAINS SUBROUT- AC07,  RCSO7, PFC07, SFC07, wTEAL07 
EQUATIONS OF MOTION SIBROUTINES 
STASDARD ATMOST'ZRE TABLE AND ATMOSOflERF SUBROUTINE ATM0S 
MATRIX MULTIPLY AND PANSPOSE SUBROUTINZS 
SUBROUTINE CARDS TO READ DATA CARDS I N  EXECUTE DECK 
DATA TABLE LOOK-UP SUBROUTINES (FCALC, FSRcIIj AND ?UNCTIONS 
SUBROUTINE RTT TO B U P E R  DATA I N T O  STOUGE LOCATION 
SUB€UNJTINE RT'PDATA TO SPtCfFY WHICH DATA I S  BUFFERED; 
CONTAIYS DIRECTIVES FOR PRINTING ERROR MESSAGES 
PROGRAM TO PRINT LATA TO OUTPUT 
(FLA, F l B ,  e tc . )  
D S T  aE LOADD B U O R E  RTP 
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V o l u m e  I 
These are loadeG i n t o  temporary L a d  f i l e ,  IU??.,, a f t e r  which t h e  program 
i s  executed. During execut ion,  t h e  RTPDATA and RTP subrout ines  are buf fe r ing  
va iues  of s e l ec t ed  v a r i a b l e s  i n t o  temporary s to rage  l o c a t i o n  TAPE3.  Program 
SPRILT bu f fe r s  t hese  da t a  out  of s to rage  and i n t o  a format su i tab le  f o r  t he  
p r i n t e r ,  based on a user's NAMELIS? i npu t s  (see s e c t i o n  3.4.2.3). 
3 . 4 . 2 . 2  Data Card Format - Program YAV8B requires i n i t i a l  va lues  of some 
v a r i a b l e s  for execut ion.  These d a t a  are en tered  through cards loca ted  behind 
t h e  f i r s t  end-of-record ia t h e  EXECUTE deck. 
subrout ine  CARDS, which is c a l l e d  from program YAV8B. Card inpu t  format i s  
shown i n  Figure 3.4-3. C o l u m n  5 contains one of t h e  fol lowing c o n t r o l  or 
d a t a  type i d e n t i f i c a t i o n  numbers descr ib ing  t h e  data t o  be presented:  
The d a t a  c a r d s  are read by 
COLUMN 5 INPUT INDICATION 
INTEGER DATA 
FLrJATING POIN? DATA 
OCTAL DATA 
K P 8 A N U M E ~ C  DALA 
CONT2OL NUMBER INDICATING END OF A S E T  OF DATA CARDS 
CONTROL NUMBER INDICATING END OF ALL SETS OF DATA CARDS 
OPTIONAL ALPHANTJMERIC DESCRIPTION OF TYPE 1 THROUGH 4 DATA; 
START 25 OR LESS CHARACTERS FOR COMMENTS 3 COLUMNS 6 ,  
31, AND 56 
Up t o  th ree  d a t a  po in t s  may be  included on one d a t a  card for B given i d e n t i -  
r i c a t i o n  nuojzr. 
i npu t  variable:  ( i n  t h e  F a r r a y ) ,  and each s p e c i f i c a t i o n  must end i n  columns 
10, 35, and 66 .  Input  d a t a  i t s e i f  is 20 o r  less characters ending in colums 
30, 5 5 ,  and 80. 
Types 1 through 4 cards  r e q u i r e  a r r ay  l o c a t i o n s  of t h e  
T h y  i npu t s  shown i n  Figure 3.4-3 are genera l ly  what i s  requi red  f o r  a 
s imula t ion  n m .  
b i l i t y  i n  changing cf s i n g l e  Tyalues. The d a t a  displayed is t h a t  used f o r  a 
YAV-8B convent ional  Dutch R o l l  case. 
a r r a y  loca t ions  of Figure 3.4-3 are  def ined below: 
Cnlp one d a t a  po in t  pe r  card has  been inpu t  he re  f o r  f l e x i -  
Var iab le  names corresponding t o  t h e  
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LENGTH OF RUN IN SZCONDS 
TRUE AIRSPEED I N  F T / S E C  
FLIGHT P A l X  ANGLE 
MACH NUMBER 
P I T C H  ATTITUDE 
ANGLE OF ATT..CK 
S IDE SLIP ANGLE 
NON- STANDWU) DAY FLAG 
INPUT FOR FUSELAGE STATIOK CG BIAS 
INPUT FOR BUTT L I N E  CG B U S  
INPUT FOR WATER LINE CG B I A S  
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PITCH SAS SklTM 
ROLL SAS SWITCH 
YAK SAS SWITCH 
FLAP MODE SWITCH 
MANUAL FLAP SWITCH 
PERCEAYT THROTTLE 
PERCENT NOZZLE CONTROL 
FUEL WEIGHT 
WATCi7 WEIQIT 
GEA2 UP/DOWN FLAG 
OPTIONAL CHECK CASE IDENTLF-,4TION 
NUMBER 
3.4.2.3 
l o c a l  f i l e  TA.?E3. 
da t a ,  and end of ran data .  The user ma-,, select var ious  c o r t r o l  op t ions  over 
the fol lowing c s t egor i e s  via NAMELIST input  : 
NAMEiZST opt ions  - Program SPRINT is used t o  p r i n t  d a t a  from t h e  
The p r i n t o u t  c o n s i s t s  of start of run dara ,  t ime h i s t o r y  
NAMELIST CONTROL CATEGORIES 
0 Run Selec t ion  
0 Cktput P r i n t  Se lec t ion  
o Parameter Se lec t ion  
o T ime  t o  P r i n t  Se lec t ion  
o Names Override 
o C l a s i f i c a t i o n  Override 
o Low Core Exe:ution 
The da ta  cards  f o r  t h e  NAMELIST o p t b n s  are contained in t h e  EXECUTE deck 
and follow t h e  da t a  c a r d s  descr ibed ia t h e  previous sec t ion .  
input  op t ions  are available Fn each of these c a t e g o r i e s  and are  t h e  following: 
NAMELIST 
R u n  Se l ec t ion  
NRUNS 
IFUES(20) 
N d e r  of consecuzive runs t o  b e  p r i n t e d ,  s t a r t i n g  a t  
t h e  cu r ren t  f i l e  pos i t i on .  After NRUNS rum have been 
p r in t ed ,  the program will t e rmina te  w i h  a ST0P 1, 
unless a double end-of-fi le has  been encountered before  
NRLTNS has been s a t i s f i e d .  I f  t h i s  occurs ,  t h e  program 
will t e rmina te  wi th  a ST0P 2 .  Parameter NRUNS is  no t  
used i, 1FILES;l) is non-zero. 
F i l e  numbers of runs t o  be  p r i n t e d ,  s t a r t i n g  a t  t h e  
cu r ren t  f i l e  pos i t i on .  F i l e  nr-mbers must b e  i n  
ascending order  a no more than 20 sepa ra t e  runs may 
be spec i f i ed  by the  use r .  A zero  i n  t h e  a r ray  termin- 
a t e s  t he  sequonce. Af te r  a l l  runs have been p r in t ed ,  




I m s  (20) double enci-of-file ).as been encountered before  all runs 
Parameter IFILES 
(Cont ‘C) se l ec t ed  have been s r r i s f i e d .  ‘f t h i s  occurs,  t n e  
Frogram &Ll terminti:’.e w i t h  a STQP 2. 
overrides t he  paranr?tat NRDNS. 
Ourpuc P r i n t  Se l ec t ion  
IBLBCK Format srlectica 51 p r i n t i n g  time ‘history data. Legal 
values are as i-.sl’i IS: 
Colum Format (I%L$Jg=O) p r i n t s  t h e  complete time 
hisyory of t e n  F a i m e t e t s  at a t i m e  in colmms q to 111 
parameters oirt of cl maximum of 881 pazameters. If  t h e  
d a t a  exceeds 441 pr;-ameters i t  can be read bp using 
NPLM for the  first 411 parameters and then using NPLIM 
in conjunct iso w i t h  :he IXR array f o r  the remaining 
parameters; see In array description. 
me Column : ‘ cwa t  i kquires =re co re  since local  files 
are used to SI’= the time histcry data f o r  s epa ra t e  
pages, and each z‘ile r e q u i r e s  a s e p a r a t e  bu f fe r .  If 
core is a problem ’.-he user should consider the Low Core 
Errecution Opthuln. 
Block Format (IBL(cCK=l) prints d.2 time history para- 
meters for one c- jmss in a block, ten p e r  line. The 
number c,f parameters that can be p r i n t e d  is 881. 
Block Formrt wit1 tiam- (IBL0CX-2) p r b t s  a l l  time 
h i s t o r y  p a r a m e t e s  for one time pass  i n  a block, five 
p e r  l ine  tJit:h pa-ameter  08mes embedded within the block. 
The maximum ntmiPl:r of parameters that can be p r i n t e d  is 
881. 
Column Format vft;h Increased Accuracy (IBL0CK13) p r i n t s  
tke complete time history of f i v e  parameters at  a time 
in cr~lumna up t o  22:. paxameters ou t  of a maximum of 881 
parameters. I f  the ciafa exceeds 221 parameters the 
data be read by using NPLIM f o r  the f i r s t  221 para- 
meters and then us in,^ 1TLIM it conjmction wi th  the = 
arrm for t h e  remalnlng parama-ar-: see IXR array 
4esc r ip t ion  f o r  mote d e t a i l s .  
This Column Fonnat p r i n t s  u; t h e  values of t h e  pora- 
meters t o  8 decimal p1.aar-e~. And i f  used i n  conjunction 
with t h e  IX0CT a r n y  ?.an pr‘at out t he  o c t a l  value of 
the ?-zameter i n  2 ~ 7  u ~ t a  ilgits (where 20 o c t a i  digirs 




'aiameter Se lec t ion  
I? (176) 
L i m i t  number of t im hi.szcr): parameters t o  b e  p r in t ed .  
I f  L?LzM is non-zero t h e  f i r s t  N'PLIM parameters w i l l  be  
p r in t ed .  Normally, a l l  t h e  time h i s t o r y  p o h t e r s  and 
names are p r tn t ed  on a s t a r t  of run page. However, i f  
parameter NPLLY is used, then only t h e  po in te r s  and 
names up t o  NPLIM w i l l  be  p r iu t ed .  Also, f o r  t h e  
Colurpn Format p r i n t o u t ,  less core  w i l l  be requi red ,  
s i n c e  only t h e  s o r t  f i l e  b u f i t r s  needed f o r  N'PLIM 
parameters w i l l  be  allocated. 
Page p r i n t  s e l e c t i o n  a r ray .  Each a r r a y  element i s  a 
f l a g  tha t  corresponds t o  ter! time h i s t o r y  parameters 
f o r  t h e  Column and Block Format Options. 
Block Option wi th  names each f l a g  corresponds t o  f i v e  
parameters up t o  a maximum of 881. 
Option wi th  increased  accuracy each f l a g  corresponds to 
f i v e  parameters up t o  a maximum of 221. 
are set t o  zero, t h e  corresponding t i m e  hi;.tory para- 
meters w i l l  n o t  be  p r in t ed ,  bu t  t h e  pointe:rs and names 
w i l l  s t i l l  appear on t h e  start of run page. 
For t h e  
For t h e  Column 
I f  I P  f l a g s  
IXR(881) Parameter r e o r d e r i n g  a r r a y .  For t h e  Column Format 
(IBL0CK-0) t h i s  a r r a y  al lows p r i n t i n g  up t o  441 time 
h i s t o r y  parameters in any des i r ed  order  from a set of up 
t o  881 time h i s t o r y  parameters.  For t h e  Column Format 
(IBL0CK=3), this a r r a y  al lows p r i n t i n g  UD t o  221 t i m e  
h i s t o r y  parameters i n  any des i r ed  o rde r  from a set of 
up t o  881 time h i s t o r y  parameters.  For  bo th  Block 
Formats this a r r a y  al lows p r i n t i n g  up t o  881 time 
h i s t o r y  parameters in any des i r ed  order .  Each a r r a y  
element corresponds t o  a parameter pos i t i on .  I f  any 
a r r a y  element is  non-zero, t h e  o r i g i n a l  tine h i s t o r y  
parameter corresponding r o  t h a t  element w i l l  be  rep laced  
by t h e  parameter number ind ica t ed  5y t h e  va lue  of t h e  
a r r a y  element. Only t h e  parameters t o  be  r e o r d e r e d  
need s p e c i f i c a t i o n  in t h e  LXR ar ray .  Also, f o r  t h e  
Column Format Option some t h e  h i s t o r y  parameters can 
be  dupl ica ted  to appear on more than one page, for 
example, by spec i fy ing  t h e  parameter number i n  more than 
one a r r a y  pos i t i on .  This opt ion  can be  used i n  combina- 
t i o n  wi th  t h e  namelist parameters NPLIM and I P .  
NOTE: I f  t h e  xsex ' Jants Column Format (IBLWK-0) and 
has  a tape  wi th  NP '442<NP<881) - -  t h e  h i s t o r y  parameters, 
t h e  f i r s t  441 parameters may be  p r i n t e d  by us ing  NPLIM= 
441.  The remaining parameters (Np-141) may be p r i n t e d  
by using NPLpl=NP-440 and IxR(1)=-442, which will auto- 
ma t i ca l ly  genera te  t h e  c o r r e c t  IXR ar ray .  If t h e  use r  
wants C o h m  Format wi th  Increased Accuracy !IBLBCK=3) 





mI(881) meters, a similar method is used t o  read t h e  da t a  in .  
(Cont ' c j The f i r c  221 parsmeters may b e  p r in t ed  using NPLIM=921. 
I f  hT - < 441, set NPLXWNP-220 and =(I)--222 and i t  
b5U automacicallp generate  t h e  co r rec t  IXR array f o r  
this set of 221 parameters. 
I f  NP - < 661. set NPLIWm-4LO and fltR(1) -442. 
v i s e ,  on this t h i r d  pass leave NPLW221, set IXR(1)--022 
and i t  will generate  t h e  IXR array f o r  parameZen 442 t o  
661. For p r i n t i n g  out the rnaaining parameters from 
662<NP<881, - -  set r?PLIX=rP-550 and IXR(1) -662. 
IX0CT (8811 Pa taae te r  o c t a l  p r i n t  array. This a r ray  allows for 
p r i n t i n g  of t ime history parameters in o c t a l  format. 
Each array element is a f l a g  :hat corresponds t o  a time 
h i s t o r y  parameter to be p r in t ed .  That is, t h e  second 
array element is aesoc la ted  w i t h  the second time h i s t o r y  
paranmtar t o  be p r i n t e d ,  the third array element wi th  
t h e  t h i r d  parameter t o  be psinted, and so on. This 
matchup is made rega rd le s s  t o  whether o r  n o t  t h e  n th  one 
to be pr in t ed  is a c t u a l l y  t h e  nth time h i s t o r y  para- 
meter or one that has been reordered using tbe IXR ar ray .  
To have the parameter p r i n t e d  out  in o c t a l ,  its r e l a t e d  
X X Q E  array element should be set high. 
Other- 
For t h e  Colrrmn Format w i t h  Increased Acctaazy (IBLBCK=3), 
which p r i n t s  our f i v e  parsmeters per page, the l o c a l  re- 
presenta t ion  is 20 characters long. €or t h e  Block Formats 
and t h e  Column Foxmat with ten parameters per page 
(fBL0CK*2,1,0) the o c t a l  r ep resen ta t ion  is  10 characters 
long. The maxirmcm ntrmber of parameters p r i n t e d  out  for 
I B L O a 4 , 1 , 2 , 3  is  441, 881, 881, and 221, respec t ive ly .  
These limits hold f o r  t h e  array also. 
Time t o  P r i n t  Se lec t ion  __ 
DP Print intamal. Time h i s t o r y  data w i l l  be p r in t ed  once 
every da ta  pass t h a t  TlME exceeds o r  equals  ( w i t h i n  a 
smal l  to le rance)  successive integral mul t ip l e s  of 3P. 
Thus if the parameter DP is less than o r  @quai t o  t h e  
smallest time increment, all t h e  da t a  will be p r in t ed .  
I f  -4.0, all passes of d a t a  all bo- p r i n t e d  regard less  
of the time incraftem This could Se useful i f ,  because 
of some error, TIME vas equal  t o  o r  less than a pte- 
v lous pass.  If DPIO. 0 ,  t h e  namelis t  parameters TSTART 




TSTART (10) S t a r t i s t o p  times. Sect ions of t i m e  h i s t o r y  d a t a  t o  be 
TST0P (10) pr in t ed  can be s p e c i f i e d  by use of t h e  TSTART/TST@P 
a r rays .  The a r r ay  elements ,  up t o  a l i m i t  of t e n ,  
correspond t o  t h e  s e c t i o n s  t o  be p r i n t e d .  The start 
t i m e  is s p e c i f i e d  by t h e  TSTART element and the  s top  
time is s p e c i f i e d  by t h e  TST0P element. The s top  time 
must be g r e a t e r  t h a  or equal t o  t h e  start t h e ,  and 
each start time must be gxeate: than G r  equa l  t o  t h e  
previous s t o p  t i m e .  A l l  a r r a y  elements beyond those  
d e s i r e d  must b e  zero.  
LASTPAS P r i n t  las t  pass  of da ta .  This parameter,  when non-zero, 
causes t h e  l as t  pass of t i m e  h i s t o r y  d a t a  t o  b e  p r i n t e d  
r ega rd le s s  of t h e  F 5 n t  interval or s t a r t / s t o p  times. 
Names Override 
INAMES Names overr ide .  When t h i s  parameter i s  non-zero, t h e  
program w i l l  r ead  d a t a  cards  t o  inpu t  parameter names 
up t o  a maximum of 881. If names are on t h e  da t a  t ape ,  
they can be overridden us ing  this opt ion.  I f  t h e r e  are 
no names on t h e  d a t a  tape ,  they can be suppl ied  via d a t a  
cards  f o r  t h e  p r i n t o u t .  Data cards mst be in an (110, 
7Al.O) format immediately fol lowing t h e  namel i s t  cards .  
The f i r s t  f i e l d  is f o r  an index  i n d i c a t i n g  t h e  para- 
meter number of the f i r s t  name appearing in t h e  second 
f i e l d .  ilp t o  seven names may be inpu t  p e r  card.  A l l  
t h e  names on a card  w i l l  be i n p u t  in  sequen t i a l  o rde r  
s t a r t i n g  wi th  t h e  index f o r  t h e  f i r s t  name. A blank i n  
t h e  n m e  f i e l d  w i l l  terminate inpu t  from that card.  If 
seven nirmes are put  on a ca rd ,  t h e  names on t h e  follow- 
i n g  card w i l l  be  inpu t  s equen t i a l ly  even without  index 
s p e c i f i c a t i o n .  A b lank  card  terminates t h e  d a t a  card  
input .  
I f  t h e  program.is executed more than once i3 t h e  same 
j o b ,  t h e  names need t o  be en tered  only from t h e  f i r s t  
namelis t .  I f  INAMES-2, names en te red  from a previous 
UP-. Ast w i l l  b e  de-selected,  and new names can be 
r ,ered by t h e  user. . 
C l a s s i f i c a t i o n  Override 
ICLASS C l a s s i f i c a t i o n  over r ide .  
s p e c i f i e d  in t h e  d a t a  tape  start  of run d a t a ,  and w i l l  
p r i n t  ou t  eu tomat ica l ly  unless this ove r r ide  opt ion  i s  
s p e t i t & e d  by t h e  use r .  Legal va lues  and t h e  r e s u l t i n g  
p r i n t o u t  are as fol lows : 
The c l a s s i f i c a t i o n  is normally 
ICLksS=l  - P r i c t o u t  will have no c l a s s i f i c a t i o n ,  blanks 
w i l l  be  p r i n t e d  in s t ead  of start of run c l a s s i f i c a t i o n  
da ta .  
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ICdSS 
(Cont 'd)  
Low Core Execution 
LBWCOBE 
ICASS-2 - Pr in tou t  w i l l  have "Ccaf i d m t i a l "  c l a s s i f  i- 
carion. 
IcLasS-3 - P r i n t o u t  w i l l  have "Secret" c l a s s i f i c a t i o n .  
S m a l l  buf fe r  opt ion f o r  Colwnn Formats pr in tou t .  
these  p r in tou t s  (fBL0CK10,3), each sort f i l e  has a 
buf fe r  Vhich is defaul ted  t? a length  of 1002B f o r  
m a d m u m  e f f i c i ency .  If t h e  parameter LBWCORE i s  set . 
no-zero, t h e  bu f fe r  length  is set t o  102B, so t h e r e  is 
a cor2 savings of 700B f o r  eve? t- parameters to be 
pr in ted .  The cos t  does n o t  d i f f e r  s i g n i f i c a n t l y ,  so 
t h e  normal option is  recommended because t h e  job runs 
faster. The low core opt ion cm be  used, houever, when 
the a v a i l a b l e  core  is limited. This  opt ion does no t  
apply t o  Block Formats (i.e. IBL6CK-1 o r  21,  which 
a l w a y s  we less core since a0 f i l e  bu f fe r s  are necessary.  
For 
Program SPRINT can be  executed more than once in t h e  same job  i n  order  
t o  change the  NAMELIST parameters 'for a d i f f e r e n t  nm o r  series of nms. All 
Nk"llEL1ST parameters not changed will r e t a i n  t h e i r  previously assigned va lues .  
The only exception is t h e  parameter INAMES. 
non-zero on a subsequent execution so names do not  have t o  be r e e n t e r e d  
unless des i r ed  by the user. Emever ,  t h e  names vill be r e t a ined  unless the 
parameter INAMES i s  set nm-zero and new names are ea te rcd  via d a t a  cards. 
This parameter w i l l  no t  s t a y  
Figure 3.4-4 shows t h e  NAMELIST options input  f o r  t h e  PAQBB conventional 
Dutch b L l b  simulation run. This set of cards is i n s e r t e d  behind t h e  second 
end-of-rccord card in t h e  EXECUTE deck. 
is p r in t ed  In  t h e  output  f o r  each run. and shown f o r  this case in Figure 
3 . 4 - 5 .  
output  f o r  t h i s  nm Is s h a m  i n  Figure 3 . 4 - 6 .  Aa example of block foxmat 
output  can be seen in Figure 3 . 4 - 7 .  
A summary of NAMELIST parameters 
The column format has been s e l e c t e d ,  and one page of t h e  time h i s t o r y  
3 . 4 . 3  
motion are m a d e x  t h e  I50M5 subrout ine.  
dynamic time h i s t o r i e s  and s ta t ic  check cases can be modeled. 
i n i t i a l i z a t i o n  of variables can be p e r f o m e i  and miscellaneous parameters 
can be defined. These f ea tu res  can be incorporated i n t o  the  simulation with 
t h e  use  of t h e  150MS modify card deck. This  deck modifies t h e  ISOMS sub- 
rou t ine  t o  include any p i l o t  con t ro l  input  time h i s t o r i e s  and/or program 
i n i t i a l i z a t i o n s .  
ISOMS DECK - calls t o  che YAV8B aircraf t  s u b r o u t b e s  and equat ions of 
W i t h i n  this subrout ine ,  both 
I n  acidition, 
3 . 4 . 3 . 1  Dyn amic Time His to r i e s  - Any simulated p i l o t  inputs  during a t i m e  
h i s t o r y  fur a r e  modeled in 15OMS before  the opera te  loop c a l l  t o  AC07, a 
sub-ou the  which calls t h e  aircraft  s u b r o u t l n a  and equat ions of motion in 
the  proper sequence. The p i l o t  i npu t s  can inc lude  s t i c k  and rudder p e d a l  
movements as w e l l  as t h r o t t l e  and nozzle  changes. Any cockpi t  switches which 
need t o  be ac t iva t ed  during a mn, such as f l a p  mode switch o r  water switch,  
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The s imulat ion require, t h a t  s t i c k  inpu t s  be made i n  percent  of f u l l  
s t i c k  d e f l e c t i o n  i n  both t h e  long i tud ina l  (100% f u l l  a f t ,  0% f u l i  forward) 
and l a t e r a l  (-320% f i i l l  l e f t ,  100% f u l l  r i g h t )  axes. Rudder pedal  is input  
i n  percent  =f t o t a l  rudder pedal d e f l e c t i o n  (-100% fuli l e f t  peda l ,  100% 
full r i g h t  peda l ) .  
i n  percent  f o r  use i n  sl lbroutiue ENG08. See Figure 3 .4 -8  for commanded 
su r face  pos i t i ons .  R??l ana nozzle  angle  as a func t ion  of percent  stick, 
rudder ,  t h r o t t l e  and nozz le  lever r e spec t ive ly .  
Varylng t h r o t t l e  aad nozzle  c o n t r o l  i npu t s  are also mde 
P i l o t  cor,crol inputs  t o  t h e  program are normally modeled as func t ions  or' 
Figure 3 .4 -9  shows t h e  l o c a t i o n  In 1 5 0 s  where c o n t r o l  i npu t s  have run time. 
been made f o r  a YAV-8B wingborne Dutch ;So11 case. Data t a b l e s  have been 
u t i l i z e d  i n  s t o r i n g  both t h e  percent  s t i c k  and rudder peda l  movenent as a 
func t ion  0: time. The format cf  t h e  t a b l e  look-up func t ions  used t o  access  
these  da t a  t ab le s  is discussed i n  Sec t ion  3 . 4 . 5 .  lt is acceptab le  t o  program 
s t e p  <rlputs sf t h e  con t ro l s  as B func t ion  of time us ing  I F  statements i n  l i e u  
~i da-a t a b l e s .  
changes in cockpie switch pos i t i ons .  However, t h e  t a b l e  look-up func t ions  
provide t h e  c a p a b i l i t y  of modeling more r e a l i - c i c a l l y  t h e  p i l o t  cmtrul 
inpu t s  i u e  t o  l i n e a r  i n t e r p o l a t i o n  between datrl po in t s .  
For example, ? h i s  is t h e  procedure t o  use when modeling 
3 . 4 . 3 . 2  S t a t i c  Check Cases - When t h e  o u q u t  c f  a s imula t ion  run is  des i r ed  
simpiy as a func t ion  of input  and no cuntzol v a r i a t i o n s ,  t h e  c o n t r o l  i n r u t  
defLni t ions  czz e i t h e r  be modeled as cons tan ts  i n  t h e  I50MS subrout ine  o r  
def ined in t h e  EXECUTE deck d a t a  cards.  It may a t  some time be d e s i r A l e  
t o  i s o l a t e  a p a r t i c u l a r  subrout ine  i n  o rde r  t o  examine da ta  or l og ic .  
a n a l y s i s  of  a p a r t i c u l a r  subrout ine  c.an be s impl i f i ed  by excluding t h e  
equa t ions -o f  motion and any a i r c r a f t  subrout ines  irrelevant t o  t h e  t o p i c  of 
i n t e r e s t .  This modi f ica t ion  can be  made by r ep lac ing  t h e  cal l  t o  AC07 w i t h  
a cal l  t o  t h e  des i r ed  subrout ine(s>  I n  t h e  Z50MS subrout ine .  
r o u t i n e s  m u s t  be  e d n e d  f o r  necessary i n p u t s ,  however, because sme 
v a r i a b l e s  used In t h e  l o g i c  w i l l  no longer be  provided va lues  rnc, t h e  
irrelevant subrout ines  a te  excluded. Addi t iona l  parameters can b e  i n i t i a l i z e d  
through d a t a  card inpu t s  t o  t h e  EXECUTE deck. 
3 . 4 . 3 . 3  Parameter C e f i n i t i o n  and I c i t i a l i z a t i o n  C a p a b i l i t i e s  - The use r  may 
de f lne  add i t iona l  parameters of interesr i n  t h e  150MS subrout ine .  Once 
equivalenced to a v a i l a b l e  a r r ay  l o c a t i o n s ,  t k e  parameters can be ol;tput i n  
t h e  RTPDATA subrout ine  ( see  Sact ion 3 . 4 . 4 ) .  The advantage t o  der'ining a 
v a r i a b l e  i n  ISOMS is t h a t  t h e  d e f i n i t i o n  can be made a f t e r  ca l cu la t ions  wi th in  
all subrout ines  have been completed f o r  a given pass.  The user  can be assured 
t h a t  t h e  v a r i a l e  is using curre&' and n o t  pas t  va lues  i n  i t s  d e f i n i t i o n .  
The 
These sub- 
The en t ry  po in t  I500NCE is coutalned I n  I5OHS, and provides  an a l t e r n a t e  
Greater f l e x i -  means of i n i t i a l i z i n g  parameters f o r  use i n  a s imula t ion  run. 
b i l i t y  i s  genera l ly  a v a i l a b l e  i n  i n i t i a l i z a t i o n 8  made through t h e  EXECUTE 
deck d a t a  cards.  
varying,  hnvever,  e n t r i e s  made i n  1500NCE before  rye  cail t o  hC07 ( I  ' otnev 
subrout ines)  can e l imina te  having t o  handle more EXECUTE d a t a  cards  than are 
needed. 
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3 . G . 4  
o r  added to t h e  output l i s t i n g  by modifping the subrout ine RTP3AT.A wirh t h e  
modify deck RTPDATA. Subroutine RTPDATA s p e c i f i e s  which a r ray  loca t ions  w i l l  
be bLfferea out during a simulation run. The user needs t o  *mow rhe array 
loca t ions  of variables des i red  t o  be a p a r t  of the  output .  The format f o r  a 
variable print-out  request is: 
RTPDATA DECK - Orogram var i ab le s  in common a r r ays  can be de le ted  from 
where "xxxl' is t h e  array location of t h e  output,  and llcccll represents  a ten 
character name which will i d e n t i f y  the data of l oca t ion  "-" i~ t h e  p r in t -  
cu t  listing. INA in this statemeat  s p e c i f i e s  t h a t  the data is coming from 
the  A a r ray ,  which begins a: F(1001). 
the  F array ana is less than 1000, should b e  ;rsed in s t ead  of IXU. 
I f  t h e  v a r i a b l e  address is defined i n  
The capab i l i t y  exists f o r  t h e  user to output start of nm data, time 
history da ta ,  and/or end of run data, 
are pr iLted only once in the output ,  while t i m e  histozy var i ab le s  can be 
recorded thrcughout t h e  s imulat ion run. The same statement format shown 
above is u t i l l z e d  for any of these t h ree  cases. Placemczlt of a v a r i a b l e  
prlnt-out statement within subrout ine RTPDBTA Wiu. determine the order  that 
t h e  v a r i a b l e  name and i ts  va lue  are pr in ted .  
va r i ab le s  in RTPDATA spec i f i ed  f o r  a YAV-8B wingborne Dutch ROU. case is 
shown in Figure 3.k-13. ir. t h i s  example, time h i s t o r y  and start of run variables 
will be displayed,  bu t  no end of nm output  will be produced. 
S t a r t  of nln and eod of run vai-fables 
An e-le of t h e  output 
3 . 4 . 5  
dynamic and engine performance data are accessed w i n g  subrout ines  and ftmc- 
tions contained in f i l e  TBLKP. The appropr ia te  i n t e r p o l a t i o n  r a t i o ,  index, 
and data po i s t  selectims are based on given independent -.. :'.able vzlues  and 
inpu t s  provided in t h e  TBm fmcrions and subrout ine  cal ls .  
DATA TABLE LOOK-UP FORMAT - Data t a b l e s  such as those Cmtainfng aero- 
3.4.5.1 Data Table St ruc tu re  - The aerodynamic and engine da ta  tables are 
def ined in subrout ines  AERBDAT and YENGD respec t ive ly .  
one-, CWD-, o r  three-dimensional.  The ordes  of t he  d a t a  within t he  tables 
is important when uslng a t a b l e  look-up function. The f i r s t  dimension of a 
d a t a  t a b l e  is a func t ion  of t h e  f i r s t  independent v a r i a b l e ,  the  second 
dimension llkewise is a funct ion of t h e  second independent v a r i a b l e ,  etc. 
Figure 3.4-11 d i sp lays  the  s t a c t m e  f o r  three-dimensional cab le  CNFLBPT. 
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*C* * * * * * * * * t * * i * * * * * * * * * * * * * * * * *  
S I N ( N ) = l O H  C A S E  
S I N ( N ) = l O H  M A E H  
J I N ( N ) = l O H  OB4R 
S I N ( Y ) * l O H  GU 
S I N ( N ) - l O H  FUEL 
S f N ( N ) * l O Y  k A T E P  
3 I N t N J = l O H  FSCG 
S I N ( N ) = l O H  k L C G  
S I N ( N ) = 1 3 H  B L C G  
S I l r ; ( N ) = 1 3 H  I X X  
S ! k ( N ) = l O H  I Y Y  
5 f h ( N ) * l O H  i Z Z  
S I N ( N ) * l O H  I W Z  
S I N ( Y ) = L O H  G E A R  
S I N ( h o = l C H  L I D  
Q IN(N)=~OH A L P H A  
S IN(k)=1OH BETA 
I I N ( N ) = l O H  GAMYAV 
S I N ( k ) = l O H  STYLON 
S IN(N)=lOH DH 
3 I l r l ( N ) = l O H  S T K L A T  
S N I N )  
5 I N ( N l = l O H  D F L A P L  
S I N ( N ) = l O H  DFLAPR 
0 IN(N)=lOH PEDAL 
S I N ( N ) = l O H  DR 
S I N ( N ) * t O H  T U F T A J  
S IN(K)=lOH N F C  
L I N ( N ) = l O H  NF 
S I N ( b J ) = 1 3 H  I N A I P  
S I h ( N ) = l O H  FGTOT 
S IN(N)=lOH V E  
J I N ( N ) =  OH DRAGSCB 
S I N ( N ) * i O H  DRAGIBL  
I IN!h)*lOH DRAGRAM 
J ZN(N)=lOH TOTBLD 
S I N ( N ) = I C H  P H I  
d I N ( N I = I O H  TPETA 
S IN(Q)*lOH ALt  
J f N ( N 1 3 8 H H  1,ak 
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OAT: ~C?4FLdPT(I!,I=l,64)/ 
.8*G.?, 
f . C 206. C.195, f 183, 0.160, 0.133, 0.125, 0.120, 
N . 0.12: 
z . ~1.360, 0.345, 0.33:., 0.305, ~ x a ,  0.235, o.z is ,  
L - . O.EO3, 
x *  0 . 4 5 5 ,  0.448, 0.438, 0.430, 0.380, 0.330, 0.280, 
I . 0 . 2 0 ,  
Y . 0.504, 0.505, 0.505, 0.505, 0.490, 0.405, 0.308, 1 + .  #.2¶ 
I 
7 . C.198, 0.185, 0.178, 0.153, b.130, S.125,  0.120, 
z . 0.1F . 0.35"~~ 0.133, 0.318, 0.295, 0.263, 0.235, 0.218, 
2- . 0.;03/ 
- z . 0.448, 0.440, 0.428, 0.410, 0.375, 0.330, 0.280, 
. 0.226, . 0.508, 3.508, 2.508, 0.508, 0.435, 0.405, 0.308, 




DATA ( CN FLA PT ( I ) , I = 65.1 20 ) / 
' . 0.168, . 0.129, . 0.308, 
, 0.203, . 0.405, . 0.228, . 0.470, . 0.2431 
C.lC;,, 0.155, 0.143, 0.150, 
3.298, 0.293, 0.272, 0.255, 
0.400, 0.393, 0.370, 0.350, 
0.470, 0.470, 0.470, 0.465, 
8 x 5 x 3 TABLE 
DLMENSICN 1 IN3EFENDENT L7ARUBLE - 
DIXNSI(?N 2 INDEPENDENT VARIASLE = 










previouL1y cwiculated ratios or indices is: 
F'xxtiCns - The fotmat for a one-dimensional table Losk-up wirh rm 
X@Ur = F 1 A ( B I N , N U P B T S , B O U , V A L U E S ~  
--
where RIN is Inpiit independent variable 
NUMPTS I s  nmber of poizts  
BOUNDS i s  ~in:nun and rqximum values of input variable, def ined  in 
VALUE it table of  o u t x f  ftxnctim values corresponding to each breakpoint. 
For a twc-  c r  three-"imensional table look-up, the arguments 'have :he same 
meaning. bur RIN w j l l  need t o  be spacff id as a temporary array w h o s e  elements 
are in tuo (or tf-reel independent variables: 
subroutine DATA statements. and 
TFXP ( 11 - R I N l  
T E E  C 2 )  - R X 2  
XOUT-F2A(E?fP,XUM?TS ,BOUiU'DS ,VALUES) 
3-6e 
Herc aisc W " T S  becomes a two-dimensional a r r ay  def ined i n  subrout ine  d a t a  
s ta tements  a ~ 3  expressed as: DATA NtT?IPTS,number i n  dimension I, number i n  
dinension 2 . B0LT;DS becomes a four- r a t h e r  t h a r  cwz-dimecsional a r r a y ,  
d rS i r i - ig  rhe endpoints i n  both dimensions. 
Xhenever a t a b l e  look-up fuxxt ion i s  used, t h e  i n t c i p o l a t i o n  :atios and 
ind ices  for each dimension of t h e  functior,  a r e  s to red  i n  a temporary loca t ioc .  
I f  t h e  next  i o g i c a l  func t ion  uses t h e  same Independent v a r i a b l e ,  number of 
p o i n ~ ~  a d  boundaries as arguments, t h e  p ra r ious ly  ca l cu la t ed  r a t i o s  and 
i c d i c e s  can be r e t r i e v e d  from s t o r a g e  f b r  use in this interpolation. Seven 
d i f - c - r a t  f a c t i o n s  are a v a i l a b l e  m TBLKP: 
DIMENSION FUNCTION L'SE (RATIO M U N S  RATIO ANil 'BEEX) 
Ff (X)  FIA Find x r a t i o ;  c a l c u l a t e  f ( x )  
FLB Caiculate f ( x )  us ing  previous x r a t i o  
W=f(X,Y) F2A Find x , y  r a t i o s ;  calculate f ( x , y )  
F2B Use previous x r a t i o ;  find new y r a t i o ;  
FZC Calculate f ( x , y )  using previous x,y r a t i o s  
calculate f (x ,y )  
P i (  x, y, 2 )  F 3A Find x,y,z r a t i o s ;  c a l c u l a t e  f ( x , y , z )  
F3D Calcula te  f ( x , y , r )  using pre t fous  x,y,z 
r a t i o s  
The breakpoints  of a i1  c w e s  must be  evenly spaced whenever an "A" 
fucc t ion  is used t o  c a l c u l a t e  t h e  r a t i o s  and ind ices .  These func t ions  do 
no t  ex t r apo la t e  beyond t h e  boundaries;  shey i n t e r p o l a t e  wi th in  the  boundaries 
only. Out-of-bounds inpu; arguments will receive t h e  c l o s e s t  boundary va lue  
of t h e  funct ion.  
or by subrout ines  FSRCLi o r  F W C .  
PieT?lous r a t i o s  can be ca l cu la t ed  by an "A" or  "B" func t ion ,  
3.4.5.3 Subroutine FSRCH - When t h e  b r e a k p o h t s  of a c m e  are unevenly 
spaced, a c a l l  t o  FSRCH w i l l  i n i t i a t e  n c a l c u l a t i o n  of t h e  i n t e r p o l a t i o n  
r a t i o  and index t o  b e  s t o r e d  and subsequent':- w e d  by one of t h e  t a b l e  look- 
up func t ions .  Each dimension requires a unique cal l  t o  FSRCH i f  more than 
one dimension has uneven breakpoints .  The format f o r  a c a l l  t o  FSRCH is: 
CALL FSRCH (RIN , BRKF'T ,NUMPTS, IPREV , I D I M )  
where RIN Is input  independent v a r i a b l e ,  
BRKPT i s  a r r ay  name of uneven breakpoints  def ined  i n  DATA s ta tement ,  
W T S  is number of breakpoints  i n  BRKF'T a r r a y ,  
IPREY is index pos i t i on  where search  i s  t o  begin,  aL.d 
DIM is  for which dimension i n  t h e  da t a  t a b l e  t h e s e a r c h  is being done 
(1,2, o r  3). 
The i n t e r p o l a t i o n  Index f n r  a given c a l l  t o  FSRCH is  s to red  i n  IPREV, s o  t h a t  
t h i s  Index w i l l  b e  a s t a r t i n g  poin t  t h e  next  time t h i s  p a r t i c u l a r  FSRCH c a l l  
is made. IPREI must t he re fo re  be a unique name f o r  a l l  c a l l s  which do not  
have the  same independent v a r i a b l e  and breakpoint t a b l e  spec i f l ed  i n  t h e  ca l l  
arguments. 
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evenly spaced. 
Subroutine F W C  - FUILC assumes t h a t  breakpoints  f o r  a curve are 
The format f o r  a c a l l  t o  FCBLC is: 
where mT i s  input  independent va r i ab le ,  
BOLVDS is low and high bouidary of input  va r i ab le ,  
NUKPTS is n d e r  of po in t s  i n  d i r e c t i o n  considered, and 
DIE! is f o r  which dimension ir -he d a t a  t ab le s  t h e  search i s  being 
done. 
An interpolat iozl  r a t i o  and index are ca lcu la ted  and s t o r e d  f o r  use by one of 
t h e  t a b l e  look-up funct ions.  
3 . 4 . 6  
program may have a number of va r i ab le s  assignad v i t h  d e f a u l t  values. 
prograu Jser should be familiar with t h e  more lmpcrtant  variables v i e  
d e f a u l t  values .  The fo l lov ing  paragraphs descr ibe  these  va r i ab le s  for t h e  
YAVSB, A i i 0 S  and aircraft routines. Overrides t o  t h e  d e f a u l t s  can be incor- 
pordted in t h e  da t a  cards of t h e  EXECUTE deck. 
PROGRAM DEFAELTS ANTI OVERRIDES - Each subrout ine  comprising t h e  YAV8B 
The 
3.4.6.1 - YAVSE - All var i ab le s  d e f b e d  in t h e  DAU statements can be changed, 
bur the  foi lowing w i l l  be  of chief  interest t o  t h e  user: 
NPASSD Number of passes  in resec; cu r ren t ly  defaul ted  t o  400 f o r  
dynamic s t a b i l i z a t i o n  of the sintubtion. 
FDT Basic program update time increment in seconds: d e f a u l t  
value is .os. 
CDT Current update time increment in secmds; d e f a u l t  va lue  is 
.05. 
TSTBF'D Run tine limit; us'~nUy spec i f i ed  in t h e  EECUTE deck, but 
defaul ted  t o  10 here  in case user i r a d v e r t e n t l y  esclrsdes 
chis input  (in secuncls). 
DTBUT Rata af vhich subroutinr RTP will buf fe r  da t a  to szorage; 
should coincide w i t h  value of CDT (in seconds).  
3 . 4 . 6 . 2  Am8S - The b a s i c  AD48S subrout ine def ines  temperature, speed of 
sound, pressure,  and dens i ty  a8 a func t ion  of a l t i t u d e  f o r  a standard day. 
I f  a noa-standard day moael is des i red ,  t h e  user must modify  t he  ATMOS sub- 
rou t ine  t o  inc lude  the values  f o r  these  atmospheric variables In add i t ion ,  
a f l a g  must b e  set t o  i n t ege r  1 i n  t h e  EXECU'E data cards  t o  bypass the 
standard day calculerims in f avc r  of the non-standard day inputs .  
i s  INSTD, loca ted  in A(195) and s p e c i f i e d  as F(1195) on t h e  d a t a  cards. 
This f l a g  
3 . 4 . 6 . 3  AEBBYSB - No formal options edst  io t h e  aerodynamic subrout ine t o  
a f f e c t  t h e  logical sequence -f  computations. Any inputs  necessary which a r e  
r e l a t i v e  t o  cockpit cont ro ls  c z  aircraft configurat ion are provided by other  
subrout ines .  
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3.4.6.G 
which a r e  s u m r i z e d  below: 
- EKG08 - The engine r o u t i n e  has  a number of switches t o  cons ider ,  
F-ruzRAI: LOCATIO5 YARUBLE NAME DEFALZT VALUE DESCRIPTION- 
1781 IDEFL'EL 1 Flag f o r  f u e l  barn during 
run; d e f a u l t  va lue  in- 
h i b i t s  f u e l  dep le t ion  
1835 IWATER 0 Water switch of f  
1831 IENGF0 0 Engine normal; no flame-out 
1874 ILIMCFF 0 All engine limiters on; 
when set t o  1, EGT and T M  
limiters are bypassed 
3.4.6.5 RCSO7 - No formal  opt ions  exist i n  t h e  r eac t ion  c c n t r o l  system 
s*&rout ine t o  a f f e c t  t h e  l o g i c a l  sequence of computations. Var iab le  PTBLD 
i s  i n i t i a l i z e d  t o  (1.) i n  I500NCE because i t  is used i n  t h e  denominator of an 
equat ion he re  before  i t  i s  def ined  by subrou t ine  ENGO8. 
3.4.6.6 
a va lue  of zero.  The v a r i a b l e s  and loca t ions  are: 
PFCO7 - S t a b i l i t y  augmentation system switches are de fau l t ed  of f  v i t h  
PITCH SAS ISASLaN F(1495) 
ROLL SAS ISASLAT F (1496) 
YAW SAS ISASDXR F(1497) 
Although i t  is  no t  necessary t o  inc lude  these  f l a g s  as i npu t s  in t h e  EXECUTE 
d a t a  cards  when t h e  switches are o f f ,  they are included simply f o r  u s e r  
information. 
3.4.6.7 SFCO7 - The secmdary  f l l g h t  zon t ro l s  subrout ine  has a number of 
op t ions  availzible which are summarized below: 
F-ARRAY LOCATION VARIABLE NnME VALUE DESCRIPTION 
1882 LGEAR 0 Defaul t ;  gear up 
1 Gear down 
1628 ILID 0 Defaul t ;  LIDS w i l l  extend and 
r e t r a c t  w i th  gear  
1 Emergency LIDS retract 
1627 I M ~ D E  0 Defaul t ;  f l a p s  i n  Up mode; move- 
ment of f l a p s  must be  commanded 
by IFLAP switch 
i c a l l y  as a func t ion  of  nozzle  
p o s i t i o n  and  a i r speed;  a i l e r o n  
droop a c t i v a t e d  in t h i s  mode; 
IFLAP ignored 







VARIABLE NAME VALLT DE SCRIPT ION 
I W  0 Default; no manual flap movement 
-1 Retract f l a p s  as long as IFUP 
1 Extend f l a p s ,  as long as IFLBP 
has this Talue 
has this value ,  up t o  25' 
0 Default; no w e i g h t  on wheels 
1 Weight on wheels; should be  set 
when aircraft is on t h e  ground 
I f  t h e  f l a p  mode switch is ,? and t h e  user wishes t o  extend t h e  f l a p s  less 
than 25', l og ic  must be k s e r t e d  i n t o  UOMS, before  t h e  call t o  AC07, t o  
l i m i t  t h e  dura t ion  of t h e  that the IFLAP switch is set t o  1. 
3 . 4 . 6 . 7  wTaAt07 - A user may wish to b i a s  t h e  center of gravity t o  match a 
p a r t i c u l a r  test configurat ion.  This can be done by adding increments t o  t h e  
t c z & l  moments  used i n  t h e  cete:: of gravity calculations. The d e f a u l t s  f o r  
all b i a s e s  are zero.  
When a p a r t i c u l a r  C.G. is des i red ,  t h e  t o t a l  moment needed can be  cal- 
cula ted  for 2 given aircraft weight,  i.e., f o r  the fuselage station C.G.: 
where T0TM0MX=DRYM0MX + FUELMX + . . . + BSM- 
Since the moment contributions due t o  the dry aircraft (DRYMMX), f u e l  
(FUELMX), etc., and t h t  t o t d  aircraft weight are knm, t h e  bias (BSMQmr) 
required f o r  a p a r t i c u l a r  C.G. locat-on may be  d e t e r n b e d .  
is followed f o r  b u t t  I lae and v a t e r l i n e  C.G. b iases ,  and t h e  results f o r  each 
are entered on EXECUTE d a t a  cards !a t h e  fol lowing loca t ions :  
The same procedure 
ThesP- b i a ses  are added into t h e  t o t a l  moment calculations used t o  calculate 
t h e  a i rcraf t  C.G. l oca t ion  in WTBAL07. 
3 . 4 . 7  
Operating S y s t m  (NOS) f o r  Control Data Corporation (CDC) Cpber 170 Series 
Computer Systems; CDC Cyber 70 S a t e s ,  Models 7 1 ,  7 2 ,  73, and 7 h  Computer 
Systems; end the CDC 6000 Series Computer System.  
tain and update subrout ines  t h a t  are on :he decks of m d j f y  f i l e  Y A W D .  
These decks and t h e  subrout ines  def ined in them are sunuaarized below: 
SUBROUTINE MODIFICATION - M0DIFY is a u t i l i t y  a v a i l a b l e  on t h e  Network 




DECK OK P A W 0 D  SLBROLTINES ih’ DECK 


















Figure 3.4-12 is  a n  example of a modify card deck f o r  incorpora t ing  
changes i n t o  subrout ine 150%. I n s e r t  and d e l e t e  c a r d s  are placed between 
t h e  *DECK and *EDIT cards  a f t e r  t h e  f i r s t  end-of-record. The insert card 
w i l l  be of t h e  format (beginning in column 1): 
*INSERT or *I nnn 
where nnn is a deck l i n e  number. Deck l ine numbers are t h o s e  displayed t o  
t h e  r i g h t  o f  subrout ine s ta tements ,  a s  shown in  t h e  l i s t i n g s  of Volume XI, 
Apprladix A. 
MODIFY in the ISOMS deck immediately a f t e r  nnn. The de le te  card w i l l  have 
the format (beginning in columa 1): 
Input cards f o l l d a g  a given insert card w i l l  be placed by 
*DELETE o r  *3 nnn 
o r  *D nnn, nmm: 
where nnn, mnrm s p e c i f i e s  t h e  f i r s t  a n l  l a s t  deck l i n e  numbers of a group of  
l i n e s  t o  be d e l e t e d .  
card  are permitted,  and t h e s c  w i l l  r e p l a c e  t h e  lines removed. 
Addit ional  statements on c a r d s  fol lowing a given d e l e t e  
Tc make modi f ica t ions  ? D  a deck o t h e r  than I51)YS in Figure 3.4-12, t h e  
user must r e p l a c e  t h e  name ISOMS on t h e  FTK, REPLACE, *DECK, and *EDIT 
c a r d s  with t h a t  of t h e  d e s i r e d  deck. Further  d e t a i l s  of t h e  * D I N  u t i l i t y  
can be found i n  Reference ( 7 ) .  
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4 .  YAG-RB LINEAR ?IATHEMATICAL MODEL 
This sec t ion  presents  t he  l i n e a r  mathematical model of t he  YAV-8B air- 
c r a f t .  The model is composed of small per tu rba t ion  s t a b i l i t y  d e r i v a t i v e s  i n  
t h e  fo rn  t r a d i t i o n a l l y  used i n  t h e  a n a l y s i s  of conventiondl a i r c r a f t .  
AV-8 p ro j ec t  experience ha2 shown t h a t  t h i s  form i s  adequate f o r  con t ro l  
sys t -m design and handling qualities a n a l y s i s  i n  t h e  V/STOL f l i g h t  regime 
providing the  l i n e a r  ana lys i s  i s  supplemented by nonl inear  s i x  degree of 
freedom analyses .  The nonlinear  analyses  can b e  obtained through real time 
p i l o t  i n  t he  loop f l i g h t  s imulat ion a r  non-real t i m e  d i g i t a l  computer runs. 
4 .1  LINEARIZEL EQUATIONS OF MOTIOh 
The l i n e a r i z e d  equat ions of motior i n  s t a b i l i t y  axes a r e  presented i n  
Figure 4.1-1.  The corresponding s i g n  convention ar,d nomenclature are pre- 
sented i n  Figures  A.1-2 and 4.1-3. 
per tu rba t ion  q u a n t i t i e s  from t h e  i n i t i a l  condi t ion .  
The va r i ab le s  i n  t h e  equat ions are 
4.2 TRIM COhQITIONS AND STABILITY DERIVATIVES 
The s t a b i l i t y  de r iva t ives  presented i n  t h i s  s e c t i o n  inc lude  t h e  e f f e c t s  
of aerodynamics, g ross  t h r u s t  and in le t  momentum. These de r iva t ives  were 
obtained by per turb ing  the  nonl inear  model about a 3 degree of freedom wings 
l e v e l  t r i m  condi t ion .  Using a 3 degree of freedom t r i m  ensures  t h a t  t he  
e f f ec t iveness  of t h e  RCS, which i s  a s t rong  f m c t i o n  of engine fan speed, is 
represented accu ra t e ly  i n  forming t h e  con t ro i  e f f ec t iveness  de r iva t ives .  
Figures  4.2-1 and 4.2-2 present  t h e  trim condi t ions  and  t h e  corresponding 
s t a b i l i t y  d e r i v a t i v e s  used  to  genera te  t h e  l i n e a r  r e s u l t s  t h a t  are compared 
t o  YAV-8B f l i g h t  test da t a  i n  Sect ion 5. The corresponding weight and 
balance da ta  a r e  presented i n  Figure 5.1-5.  Figures  4.2-3 t o  4.2-5 present  
t r i m  condi t ions  and t h e  corresponding s t a b i l i t y  de r iva t ives  f o r  24 f l i g h t  
condi t ions  t h a t  cha rac t e r i ze  t h e  YAV-8B throughout i t s  f l i g h t  envelope. The 
weight and balance da ta  are presented in Sect ion 2 . 3 .  
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5 .  V X I D A T I O S  OF TEE .YIATHZWLTICAL NODEL 
5. I B A C K G X O L X  
The TAV-8B mathematical model i s  based on AV-8A and TAV-8B r ; iDd  tunnel  
t es t  and f l i g h t  test results. The model has  been p e r i o d i c a l l y  r e f ined  s i n c e  
the  f i rs t  AV-8A air- to-gromd a t t a c k  s imula t ions  a t  MCAIR i n  1972. The 
development of :he V;STOL model commenced i n  1974 with t h e  d e f i n i t i o n  of an 
engineer ing s imulat ion of a hover,  s h o r t  takeoff  and landing and t r a n s i t i o n  
mode f o r  t h e  AV-8A. 
and ;he j e t  induced v e l o c i t y  parameter ( V q >  w e r e  d W d o P e d -  
addcd da ta  to simulate ground e f f e c t s .  
Zonn Farlev, Chief Test P i l o t  f o r  Hawker-Siddley, f lew t h e  s imula tor  i n  hover 
using the  motion base s imulator .  During 1975, a d d i t i o n a l  improvements were 
nade t o  t h e  model inc luding  new air-to-ground weapon de l ive ry  modes and d is -  
p lays ,  improved sh ip  and l a d - b a s e d  Landing a i d s ,  and  continued use of t h e  
m d e l  f o r  a i r - to -c i r  combat. A l l  t h e  changes were evaluated by t h e  USMC 
using the  f l i g h t  s imuiatkz f i c i l i t i e s .  Between e a r l y  1972 and la te  1975, 
t h e r e  *ere 13 con t r ac tua l  AV-8A s imulat ions.  AV-8A modeling was  r e f ined  
cixoughout each of these  progrars  based upon a d d i t i o n a l  test data ana 
engineer ing analyses .  
XCAIR t o  desi&-- and conduct a prel iminary AV-8B Simulation Evaluation i n  
June, 1S75. 
During t h i s  per iod t h e  coordinate  sys tem used f o r  hover 
Subsequent studies 
To he lp  v a l i d a t e  t h e  AV-8A s b d a t i o n ,  
This s imulat io? c a p a b i l i t y  and experience permit ted 
This eva lua t ion  u t i l i z e d  a previously-developed s imula t ion  of t h e  AV-8A 
a i r c r a f t  modified wi th  AV-8B l i f t ,  drag and p i t ch ing  moment c h a r a c t e r i s t i c s .  
Following t h i s  eva lua t ion ,  t h e  AV-83 s imula t ion  was f u r t h e r  modified t o  
incl ude wind tunnzl-derived AV-8B aerodynamic and f l i g h t  c o n t r o l  cha rac t e r i s -  
t i cs  i n  conjunct ion wi th  AV-8B weight and balance,  and propuls ion character-  
i s t ics .  During October and December 1975, a second s imula t ion  w a s  conducted 
t o  demonstrate f l y i n g  qualities and perrcnnance improxments estimated f o r  
t h e  AV-8%. 
ana t h e i r  comments and eva lua t ion  cont r ibu ted  t o  improvements i n  t h e  r e f ined  
AV-8B model. 
Two experienced USMC AV-8A p i l o t s  p a r t i c i p a t e d  i n  t h i s  s imula t ion  
Simulator modeling of t h e  pro to type  AV-8B (YAV-8B) began i n  1977. 
L x i n g  1978, tne s i lnulat ion was used f o r  ViSTOL f l y i n g  q u a l i t y  eva lua t ions  
and f o r  p i l o t  f a l i a r i z a t i o n  of t h e  f l i g h t  envelope p r i o r  to f i r s t  f l i g h t  
of t h e  YAV-8B. 
The YP'. ,A s imula t ion  was used  very e f f ec t i t r e ly  during the  e n t i r e  
p ro to typ -  i g h t  test program in t h e  following areas of a c t i v i t y :  
o P i l o t  f a m i l i a r i z a t i o n  ? r i o r  & J  t h e  f i r s t  f l i g h t s  
o Determination of con t ro l  time h i s t o r i e s  2nd f l i g h t  p r o f i l e s  
f o r  maximum p e r f o m m c e  CT@'s and STO's 
o Determination of handling q u a l i t i e s  and p i t c h  t r a n s i e n t s  
during landing approaches and t r a n s i t i o n s  t o  ana from 
wingborne and JetbOXne f l i g h t  
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c ' rlignc c ra j ecco r i e s  foiiowing simuiatea engine f l a m e o u t s  
o Bandling q u a l i t i e s  in wingborne f l i g h t  
Tine TAV-83 sixuulator proved t o  be r e p r e s e n t a t i v e  of t h e  aircraft and very 
useful a- each of these activities. 
P r i o r  t o  t h e  TAV-8B engine/ialet compatibi l i ty  testing i n  1980, f l i g h t  
t r a j e c t o r i e s  and approach/laading techniques following a simulated engine 
fiauie-out (SFO) were developed and p rac t i ced  on t h e  simulator.  
files, f l a p  angle,  and the  nozzlelpower s e t t i n g  needed t o  represent  engine 
windmilling were developed. During actual f l i gh t  SFO p r a c t i c e ,  p i l o t s  
reported that the f l i g h t  SFO's w e r e  very c l o s e  to those experienced in t h e  
'IAV-8B simulator .  Also ,  t h e  a i r c r a f t  s e t t i n g s  ( i d l e  p a v e r l l 0  nozzle) chosen 
t o  sbulate  engine ou t  conriirions w e r e  representative of t h e  actual engine 
ou t  h a c t e r i s t i c s .  
Landing pro- 
The YAV-8B mathematicdl model is based on extensive f l i g h t  t s t  and 
wind tunnel tes t  results. Figure 5.1-1 slamnarizes t h e  f l i g h t  test condi t ions 
flowa. A total of 364 f l i g h t s  were flown p r i o r  t o  the start of a store 
sepa ra t ion  f l i g n t  test program in 1982. 
propulsion w i n d  tunnel test programs is  presented in Figure 5.1-2. The 
aerodynamic tests consis ted of both powered and unpovered tests on e 15X 
scale and f u l l  scale modds over t h e  entire Mach range. 
je tborne,  semi-jetborne and w i q b o r n e  modes of f l i g h t  i n  and o u t  of ground 
e f f e c t .  Over 6600 hours cf tests are shown. A similar wind tunnel test 
program was performed on t h e  YAV-8B inlet to provide a f i r m  d a t a  base f o r  
t h e  propulsion performance package. 
t e s t i n g  are shown. 
A sununary of both aerodymaic  and 
They covered t h e  
Appraximately 2000 hours of wi.d tunnel 
The YAV-8B aircraf t  is equipped with both a noseboom angle of a t r a c k  
The r e l a t i o n s h i p  (UA) probe and a production angle of a t t a c k  i n d i c a t o r .  
between the  noseboon AOA and t h e  product ioa BOA, i n  units, I s  shown i n  
Figure 5.1-3. Note t h a t  t h e  data f a i r i n g  
864 %RODUCTION J = 9 - - f =  FRL +1 
w a s  used exclusively PA t h i s  r epor t  t o  compare f l i g h t  test and predicted 
angle of a t t ack .  Previously published r e p o r t s  such as Reference 1 used 
production angle of a t t a c k  exclusively.  A similar s i t u a t i o n  exists with 
r e spec t  t o  t h e  p i t o t  s ta t ic  system p o s i t i o n  e r r o r  correct ions shown i n  
Figure 5.1-4. Reference 1 used the estimated values while t h i s  r e p o r t  
uses a f a i r i n g  a p p r o F i t e l y  halfway between the estimated and tower 
flyby results t o  compute c a l i b r a t e d  airspeed.  
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The the. h i s t o r y  comparisons, presented i n  t h i s  s ec t ion  between f l i g h t  
t e s t  r e s u l t s  and p red ic t ions  from t h e  TAV-8B mathematical models, were 
done using t h e  weight and b d a n c e  da ta  presented in Ssc t ion  2 . 3  ad jus t ed  t o  
the  a c t u a l  weigh; and c.g. l oca t ion  def ined by the  f l i g h t  d a t a .  
and balance data are presented in Figure  5.1-5. 
These weight 
5 . 2  JET BORNE AND SE!I-JET BORNE VALIDATION 
A t i n e  h i s t o r y  comparison of pred ic ted  and f l i g h t  test results during 
hover s t a b i l i t y  tes ts  i s  presented i n  Figures 5.2-1 t o  5.2-3. The p red ic t ed  
inc lude  both nonl inear  and l i n e a r  mathematical  models def ined previous ly .  
The predic ted  landing approach c h a r a c t e r i s t i c s  of Figure 5.2-4 shcw 
goJd c o r r e l a t i o n  w i t h  f l i g h t  t es t  results. The p red ic t ed  da ta  were obtained 
by f i x i n g  Iczzle  angle  and angle  of a t t a c k  2nd i t e r a t i n g  on t a i l  d e f l e c t i o n ,  
fan  speed and a i r speed  u n t i l  a 3 degree of freedom wings l e v e l  trim w a s  
obtained.  
A comparison of angle  of a t t a c k  s t a b i l i t y  f o r  f l a p  s e t t i n g s  of 25" and 
61.7" (STO) i s  presented in Figures  5.2-5 and 5.2-6. The predic ted  l o n g i t u d i n a l  
s t a b i l i t y  and trim t a i l  d e f l e c t i o n s  are r e p r e s e n t a t i v e  of t h e  a c t u a l  a i r c r a f t .  
Longi tudinal  dynamics i n  Semi-Jet Borne f l i g h t  are compared i n  F igure  
5.2-7 for both che nonl inear  and l i n e a r  mathematical models. 
The predic ted  Semi-Jet Borne SAS on s teady  heading s i d e s l i p  charac te r -  
i s t i c s  shown i n  Figure 5.2-8 
and a t h r a e  degree of freedom approximation a t  t h e  f l i g h t  test condi t ion.  
were obtained by using s t a b i l i t y  d e r i v a t i v e s  
The predic ted  Semi-Jet Borne SAS 02 Dutch Roll c h a r a c t e r i s t i c s  are 
compared t o  f l i g h t  tes t  da t a  and t h e  requirements of MIL-F-83330 I n  F igure  
5.2-9. The Level 1 requirements are s a t i s f i e d .  A t ime h i s t o r y  comparison 
of Dutch Roll c h a r a c t e r i s t i c s  is presented iD -'.adre 5.2-10. 
5.3 WINGBQRNE VALIDATIOG 
A comparison of ho r i zon ta l  t a i l  and angSe of *:Lac!; t o  t r i m  a t  m e d i m  
and high a l t i t u d e s  i s  presented i n  Figure 5 . : - : .  
computed using t h e  same Mach number, nozzle angle  and fa3 speed as t h e  f l i g h t  
test da ta .  
Vie predic ted  da ta  were 
The predic ted  and f l i g h t  tes t  s h o r t  per iod response c h a r a c t e r i s t i c s  are 
compared i n  Figure 5.3-2 t o  5.3-3. 
5.3-2 shows t h e  c h a r a c t e r i s t i c s  are wi th in  the  Level 1 boundary. 
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YAV-BB RESPONSE TO LONGITUDINAL STICK RAP IN HOVER 
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YAV-88 LANDING APPROCH CHARACTERISTICS 
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YAVSB RESPONSE TO LONGITUDINAL DOUBLET IN SEMI-JET BORNE FLIGHT 
Gross Weight = 20.200 Ib N, = 73% 8, = 45' dF = 25' 
Mach 0.22 Altitude = 2.500 11 
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YAV-88 SHORT PERIOD FilEOUENCY REOUIREMENTS 
Wingborne Flight 
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r a t i o s  of Figure 5.3-3 are e s s e n t i a l l y  L e v e l  1 belav 20,OOC f e e t  
and Level 2 above 20,000 fee:. However, MIL-F-S785B States tha t  above 20.000 
f e e r  che Level 1 damping requirements may be relaxed to  the  Level 2 reauire-  
ments . The l o n g i t u d i n a l  manewering c h a r a c t e r i s  t i c s  a r e  compared f o r  t h e  
symmetrical pullup showr i n  Figure 5.3-4. The pred ic t ed  c h a r a c t e r i s t i c s  
c o r r e l a t e  w e l l  w i th  t h e  f l i g h t  da ta .  
Figure 5 . 3 - 5  summarizes roll ra te  c a p a b i l i t y  and m a x i m u m  s i d e s l i p  angles 
generated during 1% rc l ls .  Tne  f l i g h t  d a t a  a r e  p r imar i ly  f o r  low to moderate 
a l t i t u d e s .  Tne p rea i c t ed  c h a r a c t e r i s t i c s  were computed f o r  7500 f e e t  a l t i t u d e  
u s i n g  a .iominal gross  weight,  and noatinal command input  time h i s to ry .  
The comparison of  s t e a d y  heading s i d e s l i p  c h a r a c t e r i s t i c s  presented i n  
Figure 5.3-6 i n d i c a t e  the  predicted s t a t i c  lateral+ d i r e c t i o n a l  s t a b i l i v  
and con t ro l  c h a r a c t e r i s t i c s  are very r ep resen ta t ive  of t h e  a c t u a l  a i r c r a f t .  
Tne predicred Dutch Roll c h a r a c t e r i s t i c s  are compared to  f l i g h t  test da t a  
and the  .requirements of MIL-F-87855 i n  Figure 5.3-7. The YAV--bB meets t he  
Level 1 requirements below 20,000 feet  and Level 2 above 20,000 f e e t .  A 
time n i s t a F  comparison of Dutch Roll C h a r a c t e r i s t i c s  is presented i n  
Figure 5.3-8 .  Ihe p red ic t ed  c h a r a c t G r i s t i c s  ccmpare w e l l  wi th  f l i g h t  test 
resu' 'c. 
5.4 PROPULSIOK SYSTEM VALIDATION 
R e  v a l i d i t p  of the  propuls ion syscem model i s  demonstrated by the  
comparison of f l i g h t  da t a  and predicted performance i n  Figures  5.4-1 and 
5.4-2. These f l i g h t  d a t a  include w e t  and dry Vertfca? Takeoffs (VTO's) wi th  
s t i ck  n e u t r a l  (minimum RCS reactior.  c o n t r o l  system bleed) ,  hence t h e s e  cases 
a re  f o r  a s ingu la r  demand c o d i t i o n .  The predicted engine a c c e l e r a t i o n  
characteristics s h o w  s i m i l a r  slopes as that of the f l i g h t  data. 
w i l l  not n e c e s s a r i l y  ag ree  due to the following: 
Absolute valueo 
o Engine t o  Engirn Variat ion:  The propuls ion system model r e p r e s e n t s  
an "average" YF402-ER-404 engine. 
exh ib i t ed  higher  Exhaust Gas Temperatures and higher  f u e l  flow a t  
steady state cond i t ions  than an "average" engine. 
Actual engines used in t h e  YAV-8B 
o Reaction Control Bleed: Bleed, whic'i a f f e c t s  a l l  engine parameters 
shown, is  a funct ion o f  c o n t r o l  requirements which were not 
included i n  t hese  cases. 
o Fuel Cont 1-01 Unit (FCU) Variat ions : Engine a c c e l e r a t  i m  character-  
i s t i c s  a r e  influenced by FCU settings which d i f f e r  with each 
engine!FX comb ina t ion .  
The stepwise c h a r a c t e r i s t i c s  of t h e  measured f u e l  f l o w  i s  due t o  t he  
low sampl ing  r a t e  of  t h e  flight d a t a  sys tem and does n o t  r ep resen t  t h e  t n i e  
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YAY-8B PlJLL4JP IN WINGBORNE FLIGHT 
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YAVBB WINGBORNE 1 g ROLL PERFORMANCE 
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FIGURE 5.4-1 (Cont.) 
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V o i m  I 
The simulator res-dcs auring the d p  T T O ,  Figure 5.4-2, appear to  have 
a f a s t e r  respcrse t i a n  &e a c t u a l  engine. This discrepancy is due to a 
c a l i b r a t i o n  errcr i n  t h e  t h r o t t l e  p o s i t i o n  of the f i i g h t  aata. As a result, 
the i n i t i a l  engine fan speeds  are  o f f s e t .  
A comparison o f  L e  frequency response c h a r a c t e r i s t i c s  of the c o n t r o l  
s u r f a c e  ac:uators ana series servos I s  presented i n  Figures 5.5-1 to 5.5-4. 
The test data were obtained for m a l l  amplitude inputs  w h i l e  t h e  predicted 
c h a r a c t e r i s t i c s  wed the  t r a n s f e r  functions preseAKed in Sec t ion  2.5. Good 
agreement is s h a m  f o r  f requeccies  :.as than 1 Hertz, wbich are most pertinent 
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YAV-8B FORWP RD RCV SERIES SERVO 
Small Amplitude Frequency Response 
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FIGURE 5.5-4 
Sflall Amplitude Frequency Response 




6. PARXKETER E.YIMATIOK 
The impox 'ance of determining t h e  a i r c r a f t  s t a b i l i t y  and con t ro l  d e r i -  
vdti-Jes from f l i g n t  test da ta  has been recognized f o r  many years .  The f l i g h t  
d e t e d n e d  de r iva t ives  a r e  of much va lue  t o  the  f l i g h t  test ana lys t .  These 
r e z u l t s  may be compared t a  o the r  sources ,  such as w i n d  tunnel  test  and 
t h e o r e t i c a l  ca l cu la t ions ,  t o  s u b z t a n t i a t e  t h e  pred ic ted  behavior of t h e  air-  
c r a f t .  The 
da ta  i s  a problem i n  parameter es t imat ion .  
e x t r a c t i o n  of s t a b i l i t y  a d  control d e r i v a t i v e s  fro= f l i g h t  test 
Over t h e  pas t  30 years ,  considerable  work has been done i n  e x t r a c t i n g  
-he s t a b i l i t y  and con t ro l  de r iva t ives  from f l i g h t  test da ta .  Various tech- 
niques have been inves t iga t ed ,  some of which lend themselves t o  automation. 
As documented i n  References 2 and 3,  techniques used by NASA inc lude  t h e  
Maximm Likelihood Parameter Est imat ion technique. To d a t e ,  t h e s e  e f f o r t s  
have concentrated OL t h e  conventional f l i g h t  regime; however, wi th  t h e  
a c q u i s i t i o n  c F  t h e  YAY-8B, NASA intends t o  extend this i n v e s t i g a t i o n  In to  che 
V/STOL f l i g h t  regime. 
This s e c t i o n  contains  suggest ions on the  forms of mathematical models t o  
s e  i n  t h e  es t imat ion  of V/STOL a i r c r a f t  s t a b i l i t y  and c c n t r o l  de r iva t ives .  
I n  add i t ion ,  some s i g n i f i c a n t  nocl i i lear  e f f e c t s ,  included and documented i n  
t h e  six degree of  freedom mathematical model presznted i n  Sec t ion  3,  are 
discussed.  
6.1 JET BORNE AND SEI4I-JET BORNE. 
As discussed i n  Sect ion 4 ,  MCAIR uses t h e  l i n e a r i z e d  r ep resen ta t ions  of 
t h e  a i rc  a f t  i n  con t ro l  systeIc design and handl ing q u a l i t i e s  a n a l y s i s  i n  t h e  
V/STOL f l i g h t  reg-he. The comparisons t o  f l i g h t  da t a  of Sec t ion  5 show t h a t  
the l i n e a r i z e d  moael is represe-  ative of the actual a i r c r a f t .  This form of 
t h e  model w a s  also used by WSPAN in a s tudy  that assessed  the f e a s i b u t y  
of s imula t ing  t h e  AV-8A in t h e  terminal ope ra t ion  area, wi th  t h e  X-2% v a i i a b l e  
s t a b i l i t y  a i r c z a f t  (Reference 4). 
evalua t ion  by 2 q u a l i f i e d  AV-8A pilots concluded that t h e  s imula t ion  w m  
r ep resen ta t ive  of t h e  actual a i r c r a f t .  
A follow-on s tudy  t h a t  E c l u d e d  f l i g h t  teet 
In  hover and a t  very low speeds (235 KTAS) t h e  s impl i fy ing  assumptions 
d e t a i l e d  i n  t h e  MIL-F-8330 Background Information and Users Guide ( B I U G ) ,  
Reference 5 ,  may be  appl ied t o  t h e  l i n e a r i z e d  equatiz-s of motion. These 
assumptions include:  
o Hover (vT * 0) 
o Vertical motioi& decoupled from p i t ch ing  hnd ho r i zon ta l  t r a n s l a t i o n a l  
motion 
o Yawing moticn decoupled from r o l l i n g  and la teral  t r a n s l a t i o n a l  
motions 
c Constant t h r u s t  magnitr;de and direction 
6-1 
Applying these  assumptions t o  t he  l i nea r i zed  equations of Sect ion 6, and 
recognizing tne t  angie-of-attack, a, ana s i d e s l i p  angle ,  3 ,  a re  no lon er 
defined In hbvez, results in t h e  s implif ied equat ions shown in Figure f.1-1. 
This form of t h e  equations vas t s e d  t o  analyze t h e  f l i g h t  test and f l i g h t  
s imulat ion daza ava i l ab le  when foxmulating t h e  hover and low speed dpnamic 
response requirements of Reference 6. 
No matter which form of t h e  equat ions is used, t he  following f i r s t  o rder  
e f f e c t s  must be included i n  t h e  formation of YAV-8B s t a b i l i t y  de r iva t ives  
taken at  f ixed  operat ing poin ts  in t h e  V/STOL f l i g h t  regime. 
t h e  nodineor model of  Section 3 I s  used to e s t a b l i s h  a trim point and to 
fo rnu la t e  t h e  s t a b i l i t y  d e r i v a t i v e s ,  t he  following e f f e c t s  w i l l  be taken 
i n t o  account. 
Note that If 
o Thrust level and con t ro l  e f f ec t iveness  At  low speeds t h e  aero- 
dynamic cont ro ls  are n a t u r a l l )  i n e f f e c t i v e  and t h e  primary source of 
cont ro l  is the Reaction Control System (RCS). The e f f ec t iveness  of 
t h i s  system is propor t iona l  t o  engine RPM as shown in Figure 6 1-2. 
3 Simultaneous demand and con t ro l  e f f ec t iveness  - Tne e f f e c t  of m u l t i -  
cont ro l  usage is t o  reduce t h e  e f f ec t iveness  of t h e  ind iv idua l  
Zontrols.  This e f f ecz  is shown in Figures  6.1-3 and 6.1-4 f o r  t h e  
p i t c h  RCS. 
o Thrust vec to r  app l i ca t ion  poin t  - The app l i ca t ion  poin t  of t h e  t h r u s t  
vec tor  varies with engine RPM as shown in Figure 6.1-5. 
One add i t iona l  e f f e c t  m y  be considered wheo eva lua t ing  thc  e f f ec t iveness  
of t h e  RCS. AV-8B static tests using the  ind iv idua l  Reaction Control "alvcs 
(RCV),  showzd t h e  direction 
t h e  valve opening. 
o r i e n t a t i o n  geometry t o  produce : t r ~  estimated v a r i a t i o n s  ahown in Fimre 
6.1-6. These v a r i a t i o n s  are  t o t  U u d e d  in t h e  models defined in 
t h i s  r epor t .  
"aeslgn" RCV t h r u s t  vec to r  angles. 
of the RCV :hrust vec to r  t o  be h func t ion  of 
These AV-8B 0 a have been combined with YAV-8B valve 
Both t h e  nonlinear and ilnear mathematical models t ! the 
6.2 WINGBORXE FLIGHT 
The l i nea r i zed  equat ions of motion presented i n  Sect ion h are apyllca- 
The e f f e c t s  of Vectoring it Fzi-vard F l i g h t  (VIFF) b l e  t o  wingborne f l i g h t .  
should be invest-gated using s t a b i l i t y  derivatives based on pcr rurba t lous  from 
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7 .  C O N C L L P I N G  REMARKS 
A six degree of freedom F O R T M  ba tch  s imulat ion of a nonl inear  mathe- 
The m a t i c a l  model of t h e  Y.4V-8B a i r c r a f t  has been produced and documented. 
documentation inc ludes  top  level flow charts, a d i scuss ion  of program struc- 
t u r e ,  subrout ine  i n t e r f a c e s ,  modeling equat ions,  da t a  format,  a u s e r ' s  guide 
and p l o t s  of t h e  over  17,OOG da ta  p o i n t s  used by t h e  program. 
based on t h e  YAV-8B model used on t h e  MCAIR manned f l i g h t  s imulator .  
nonl inear  model has been shown t o  be r e p r e s e n t a t i v e  of the a c t u a l  a i r c r a f t  
by comparison t o  both s t a t i c  and dynamic YAV-8B f l i g h t  test da ta .  
The model i s  
The 
Two simplif ied models have been suggested f o r  u se  i n  parameter estima- 
t i o n ,  one of which is t h e  t r a d i t i o n a l  l ong i tud ina l  and lateraldirectional 3 
degree of freedom l i n e a r i z e d  model used i n  t h e  a n a l y s i s  of convent ional  air- 
c r a f t .  A second model, app l i cab le  f o r  hover and low speed ana lys i s ,  is 
suggested.  A i rc ra f t  s t a b i l i t y  d e r i v a t i v e s ,  which characterize t h e  a i r c r a f t  
t'hroughout i t s  f l i g h t  envelope, are pmvded at  24 f l i g h t  condi t ions .  These 
d e r i v a t i v e s  were formulated by per turb ing  t h e  nonlinear model a f t e r  es tab-  
l i s h i q  con t ro l  settings corresponding t o  a 3 degree of freedom 1 ' g '  wings 
l e v e l  trim. These s t a b i l i t y  d e r i v a t i v e s  inc lude  t h e  e f f e c t s  of aerodynamics, 
inlet  momentum and g ross  thrust. 
For re ference  a d e s c r i p t i o n  of t h e  major a i r c r a f t  systems modeled i n  t h e  
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DESCRIPTION - UNITS 
Accelerar ion con t ro l  
A i r c r a f t  nose d a m  
A i r c r a f t  nose l e f t  
A i r c r a f t  nose r i g h t  
A i r c r a f t  nose up 
Angle of Attack 
Aspect r a t i o  
Au tos t ab i l i za t ion  or 
Lateral acceleration 
u n i t  
SAS 
at t h e  accelerometer  l oca t ion  
wing span f t  
But t  Line in 
Blow o f f  valve - 
Chord in 
Mean aerodynamic chord in 
Coef f i c i en t  of axial f o r c e  ( p o s i t i v e  forward) - 
Coef f i c i ea t  of drag ( p o s i t i v e  a f t )  - 
Coef f i c i en t  of l i f t  ( p o s i t i v e  up) - 
Coef f i c i en t  of r o l l i n g  moment ( p o s i t i v e  RWD) - 
Coeff ic ien t  of p i t ch fng  moment (pos i t i ve  ANU) - 
Coef f i c i en t  of normal fo rce  ( p o s i t i v e  up) - 
Coeff ic ien t  of j a w i n g  moment ( p o s i t i v e  ANR) - 
Coeff ic ien t  of s i d e  f o r c e  ( p o s i t i v e  o u t  t h e  right wing) - 
Center of g rav i ty  I E, i n  
Centerline - 
Compressor p re s su re  limiter - 
Center - 
Root chord i n  
Tip chord in 
I t e r a t i o n  tine se c 
Quaternions - 
Exhaust gas temperature.  Same as JPT 'C, O K  
Force U S 1  (positive forward) l b  
Fuel  con t ro l  u n i t  - 
Flap j e t  i q i n g e m e n t  - 
Force normal l b  
Foreign o b j e c t  damage - 
F l a t  p l a t e  - 
Fuselage r e fe rence  line. Same as W.L. - 
Fuselage S t a t i o n  in 
Foward  - 
Accelerat ion due t o  g r a v i t y  
Ground e f f e c t  - 
Gas t u r b i n e  starter - 
Gross weight l b  
Al t i t ude  f t  
High p re s su re  - 
Hawker Siddeley Aviat ion - 
Horizontal  t a i l  - 
I n l e t  guide vane - 
Inboard - 



















ps ia  
Ps ig  
R o l l  moment of inertia 
Product of inertia 
Pi tch  moment of iowtia  
Yaw m t  of Inert ia  
Jet pipe temperature. 
Lateral acceleration i e d b a d c  gain 
Knots ca l ib ra t ed  a i r speed  
Knots indicated a i rspeed  
R o l l  rate feedback ga;;l 
Pi t ch  rate fetdback g d n  
Yaw re-e feedback gain 
Knots true airspeed 
Left ,  Latitude 
Leading edge oZ the mean aerodpamic  chord 
Lift improvement device system 
Low pressure  
‘LOW speed wind tunnel ( loca ted  at  MCAIR) 
Lef t  
Lineax variable differential transformer 
Mach number 
Msss f b w  
Merrn aerodynamic chord 
McDamdl Aircraft Cornpay 
&ma flov c a l i b r a t i o n  f a c i l i t y  ( located at MCAIR) 
Midspeed wind t-el ( loca ted  at MCAXR) 
Same as EGT 
Rolling nYnDeLIt (pos i t i ve  is EWD) 
Pi tch ing  TmmeLlf (pos i t i ve  i s  m> 
Yawfng m O m e n t  rpos i r ive  is ANR) 
North, E a s t ,  3aJn 
Fan speed 
High pressure  mupressor  BPM 
Normal l i f t  dry 
Lateral load  factor 
Normal load factor 
o r i g i n  
Outboard 
Operating weight empty 
B o l l  rate 
Compressor discharge pressure 
Fan d e l i v e r y  pressure  
Power lever aagle 
P i t c h i n g  momant (positive BMJ) 
Pressure ratio U t e r  
Reaction con t ro l  pressure 








lbI in2  
l b  / in2 
ft - l b  
l b  1 in2 
l b  I in2 




















































? i t c h  rate 
Dynamic p res su re  
Freestream dynamic pressure  
Jet dynamic pressure 
Radius, Right 
Yaw rate 
Reaction con t ro l  system 
Reaction con t ro l  valve 
Radius of t h e  Earth 
Roll ing moment (positive RWD) 
Revolutions per minute 
Rolls-Royce Limited 
Usht 
Right wing down 
Right wing up 
Wing area, Laplace t ransform 
S t a b i l i t y  augmentation svs:em 
Side Force (pos i t i ve  out  t h e  r i g h t  wing) 
Sixaulated flame ou t  
Shor t  l i f t  dry 
Shor t  l i f t  w e t  
Short  takeoff  
Temperature, th ickness  
Temperature a t  engine f a c e  
Campressor d ischarge  temperature  
T r a i l i n g  edge down 
T r a i l i n g  edge l e f t  
T r a i l i n g  edge r i g h t  
T ra f l ing  edge up 
Veloc i ty  i n  X d i r e c t i o n  ( p o s i t i v e  forward) 
Veloci ty  in P d i r e c t i o n  ( p o s i t i v e  out the r i g h t  Wing) 
Equivalent v e l o c i t y  r a t i o  4L/qrn 
Vectoring ki forward f l i g h t  
Speed of sound 
Ver t ica l IShor t  Takeoff and Landing 
To t a l  v e l o c i t y  
Vertical takeoff  
Veloc i ty  in 2 direction ( p o s i t i v e  down) 
Wind velocity, down c o q v ~ e n t  
Wind ve loc i ty ,  east compbnent 
Fuel f low 
Fuel flow 
Wa t e r l  h e  
Wind v e l o c i t y ,  n o r t h  component 
Wing re ference  plane ( p a r a l l e l  t o  W.L.) 




l b f  in' 
l b  f i n 2  
l b  I in2 
i n ,  - 
deglsec  - 
f t  
f t - l b  - - - - - 
f t 2 ,  - - 
l b  
- 
OC, in 
O C ,  O K  
OC, O K  
- 
f t i s e c  
ftlsec - - 
f t f s e c  
f t l s e c  
ftleec 
f t f s e c  
f t f s e c  
lblmin 
lb lmin  
Fn 
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OF POOR QUALil"; 
9. S'IMBOLS ANI, ABBREPUTIONS (CONTINUED) 
DESCRIPTION 
xcg Fuselage s t a t i m  of c.8. 
YM yawing moment (pos i t ive  ANI0 




















Angle of a t t a c k  
Angle of a t t a c k  rate 
Sideslip angle 
Initial f l i g h t  path angle 
Flight path angle 
Incremental quantity 
Aileron deflect ion (pos i t ive  is TED) 
Flap deflect ion (pos i t ive  is TED) 
Horizontal tail (stabilator) def lect-  (pos i t ive  
Rudder deflect ion ( p o s i t i v e  TEL) 
Longitudinal s t i c k  def lect ion 
T L a t e r a l  s t i ck  deflect ion 
M d u  pedal deflection 
Dutch r o l l  damping rat io  
Short period damplag rat io  
Fraction of semi-span 
P i t c h  a n g l e  
Nozzle def let ion 
Sweep angle of leading edge 
Longitude 
Density of a.'r 
Time consfant 
R o l l  angle 
Paw angle 
Rate of rotation 
Dutch roll natural frequency 









COhTRACT STAT!%ENT OF WORK 
1.0 IXTRODUCTIOK 
As p a r t  of i t s  V/STOL research  program, NASA in tends  t o  conduct f l i g h t  
i nves t iga t ions  of t h e  s t a b i l i t y ,  con t ro l  and handling q u a l i t i e s  of h ighly  
augmented V/STOL a i r c r a f t .  
YAV-8B a i r c r a f t  modified t o  inc lude  an advanced a v i m i c s  and f l i g h t  c o n t r o l  
system f o r  improved f l y i n g  q u a l i t i e s  and performance. 
Spec i f i c  p lans  inc lude  t h e  f l i g h t  tests of a 
As an ini t ia l  phase t o  t h i s  program, NASA w i l l  conduct f l i g h t  tests of 
t h e  YAV-8B v e h i c l e  in o rde r  t o  extract aerodynamic and propuls ion character- 
i s t ics ,  update  e x i s t i n g  s imula t icn  moaels, v a l i d a t e  handl ing q u a l i t i e s  and 
design c r i t e r i a ,  and t o  improve V/STOL f l i g h t  test techniques.  This program 
w i l l  a l s o  inc lude  tests using a s t a t i c  test s tand  l o c a t i o n  at t h e  Dryden 
F l igh t  Research Center, where f l i g h t  tests of t h e  YAV-8B w i l l  t a k e  place.  
I n  order  t o  perform high q u a l i t y  parameter es t imat ion  and a n a l y s i s  of 
t h e  YAV-8B c h a r a c t e r i s t i c s ,  i t  is  necessary t o  cons t ruc t  mathematical models 
of varying complexitv and l i n e a r i t y  from e x i s t i n g  wind tunnel  and f l i g h t  test 
data .  This procuremcqt i s  intended t o  produce models and t o  compile e x i s t i n g  
da ta  f o r  t h e  Harrier a i r c r a f t .  
2.0 SCOPE 
Tke con t r ac to r  w i l l  assess e x i s t i n g  wind tunnel ,  a n a l y t i c ,  and f l i g h t  
da t a  f o r  V/STOL a i r c r a f t  e s p e c i a l l y  in VTOL-unique f l i g h t  regimes in order  t o  
compile aerodynamic, propuls ion,  and system models. D e t a i l e d  models of 
varying complexity w i l l  be der ived f o r  t h e  YAV-8B a i r c r a f t  f o r  u se  i n  para- 
meter es t imat ion  as w e l l  as linear a n a l y s i s  programs. 
s imulat ion of t h e  TAV-8B, u t i l i z i n g  t h e  bes t  nonl inear  r ep resen ta t ion  of t h e  
a i r p l a n e  w i l l  be generated.  F ina l ly ,  f l i g h t  da t a  and w i n d  tunnel  p r e d i c t i o n s  
w i l l  be used t o  compare YAV-8B characteristics wi th  f l y i n g  q u a l i t i e s  cr i ter ia  
and design quide l ines .  
A s impl i f i ed  ba tch  
3.0 CONTRACTOR TASKS 
The con t r ac to r  s h a l l :  
3 . 1  Assemble and compile s u f f i c i e n t  a v a i l a s l c  Harrier aerodynamic, pro- 
puls ion system, an3 f l i g h t  con t ro l  system d a t a ,  as w e l l  as a v a i l a b l e  f l i g h t  
test da ta  t o  support  completion of t a s k s  3.2 through 3.8. 
3.2 Formulate t h e  most complete model of t h e  YAV-8% from t h e  r e s u l t s  
cf 3.1,  t o  c h a r a c t e r i z e  t h e  veh ic l e  i n  hover,  t rans i t lo r . ,  c r u i s e ,  and vec tor ing  
i n  forward f l i g h t  (VIFF) f l i g h t  condi t ions .  
3.3 Producz a s impl i f i ed  FORTRAN batch  s imula t ion  of t h e  TAV-8B 
( inc luding  engine) using non l i n e a r  equacions of motion, capable  of execut ion 




3.4 Formulate l i n e a r  models of  t h e  YAV-8B f o r  d i s t i n c t  f l i g h t  condi t ions  
in hover, t r a n s i t i o n ,  cruise, and P D F  modes of f l i g h t .  Select a s u f f i c i e n t  
number or' f X g h t  condi t ions t o  characterize t h e  a i r c r a f t  throughout i:s f l i g h t  
envelope. 
s.5  Validate  t h e  models of 3.2 and 3.4 (with t h e  exception of the VIFF 
Xake adjustments t o  the models t o  
mode), and the simulat ion program of 3 . 3  by generat ing t ime h i s to ry  responses 
and comparing theui with a c t u a l  f l i g h t  da ta .  
co r rec t  g ross  discrepancies .  
3. i Recouunend s impl i f ied  (not necessa r i ly  linear) models appropr ia te  
f o r  use b parameter  es t imat ion  programs f o r  each of t h e  unique f l i g h t  modes 
of 3.4. 
3.7 Provide MCAIR Report PW: A4657, R e v b F s i o ~  C ,  dated 11 January 1980, 
"PAV-8B Aerodynamic S t a b i l i t y  and Control  and Flying Qualities Report" at no 
cost .  
3 . 8  Provide MCAIR Report MDC A5032 Addendum No. 1 dated Ju ly  1981 
"YAV-8B B u l l e t i n  No. 158394" a t  no cos t .  
4.0 REPORTING 
*: 
The cont rac tor  shall provide t h e  following docuraent 
4 . 1  Tables, func t iona l  p l o t s ,  and equat ions of awtioa f o r  t h e  non linear 
model of 3.2. 
4 . 2  Linear c o e f f i c i e n t s  and equat ions of mczion f o r  t h e  aode l s  of 3.4. 
4.3 L i s t i n g  and t ape  of t h e  FQRTRBN program of 2.3. h l s o ,  a coq le te  
desc r ip t ion  of tte sof txare ,  i n c h d i n g  top-level f low charts, program struc- 
tu re ,  subrout ine in t e r f aces ,  and data format. 
4.L Ti:c i r i s to r i e s  from non-linear and linear models f o r  each of t h e  
f l i g h t  r m d i t i o n s  analyzed. 
4.5 A F b s l  Repor? in  con t rac to r s  format which documents a l l  analysis 
ana results of tn:'.s pocurement .  
4 . 6  Monc:;1y letcar progress repor t s .  
A- 2 
